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The Progress of Science 


Machinery in Building 


In building the average house something like 600 tons of 
earth and materials are handled by the workers concerned. 
In this the workers are used merely as sources of power. 
‘And as.a source of power the human body is uneconomical 
in the extreme—at the present wages of builder’s labourers 
it works out at about 30 shillings per kilowatt hour, as 
against a cost of 4-6d. for the same quantity of energy 
from an electric power station. 

Now there are in existence power-driven machines 
which cover almost all aspects of earth- and material- 
handling that occur in building. They include, for example, 
excavators which dig foundations and lay drains, concrete 
pumps which pour foundations or concrete structures, and 
mobile hoists which raise bricks to the scaffold. There are 
also a great many constructional operations in which 
manual labour is still almost exclusively employed, though 
machines exist which will do the work more quickly and 
‘economically. Though the coverage by machines is not 
so complete in this case as in that of handling earth and 
materials, nevertheless there are available such power- 
driven tools as pointing guns, electric and pneumatic 
drills, saws and planes. To take a rather more com- 
plex example, there is a machine which trims, cuts and 
pastes wall-paper in a single operation. All these, if 
widely introduced, could noticeably speed up building 
operations. 

_ Housing presenting the pressing problem that it does and 
building operators being hard to find, serious considera- 
tion should be given to the possibility of arranging for 
wider use of these mechanical aids. A statement on the 
subject recently issued by a joint committee of the Associa- 
tion of Scientific Workers and the Association of Building 
Technicians draws attention particularly to two organisa- 
tional problems. First, if the machines are to be used 
economically, which means using them more or less con- 
tinuously, there needs to be careful organisation of the 
work on the site. Thus a mobile hoist will raise to the 
scaffold in a few minutes enough bricks to keep the brick- 
layers going for several hours; to use it efficiently means 
atranging a routine by which it can do a tour of several 





houses on one site, supplying each in turn and returning 
to its starting-point at the appropriate time. 

Secondly, the capital outlay involved is beyond the 
reach of most building contractors. The statement sug- 
gests that pools should be formed for hiring out these types 
of plant (as has been done with agricultural machinery). 
These pools might be organised by a Government depart- 
ment or by local authorities. 

The statement makes a brief reference to the need for 
research to develop power tools for processes for which 
such tools do not yet exist. But curiously enough, in 
spite of the emphasis it lays on the need for good site 
organisation, it gives no consideration to the possibility 
that operational research might be the key to discovering 
just what is the best organisation. Perhaps the authors 
of the statement were deterred by the fact that the boosts 
given in the latter part of the war to the value of operational 
research have not been followed up by a release of any sub- 
stantial confirmatory details or by a practical demonstration 
of corresponding usefulness in the arts of peace. But it still 
seems possible that the lack of concrete information is due 
to something like red tape or exaggerated modesty; if this 
iS SO, it 1s reasonable to suggest that such problems as 
site organisation in building would provide the ideal 
opportunity for a demonstration of the peace-time value of 
operational research. 


Fungicides under your hat 


DuRING the last few years, a ringworm of the scalp caused 
by a certain fungus has been rather common among school 
children in many of the large cities of the United States. 
When the children reach adolescence, the complaint clears 
up spontaneously and the adult hair is immune throughout 
life. Since the changes at puberty are closely controlled by 
the sex hormones, these were tried therapeutically upon 
infected children, but without effect. A more direct 
approach was started about eighteen months ago in the 
Division of Dermatology of the University of Chicago, 
when it was decided to try and find out why adult hair is 
not susceptible to the fungus. The hair of children and 
adults was extracted to obtain the natural fats present in 











(a) Panel before shot-blasting. 








(c) Panel after face-milling. 


Fic. 1.-FOUR STAGES IN THEI 


the hair, and it was found that fat from adult hair was five 
times as active in inhibiting the growth of the fungus as 
that from children. Next, about 100 pounds of adult hair, 
the accumulation of over ten thousand hair-cuts, was 
collected and extracted, and about half a pound of free 
fatty acids obtained. This product was a mixture of many 
components and a careful separation was made. Each 
fraction was tested as a fungicide. In this manner, pelar- 
gonic acid* was found to be one of the most active 


* Pelargonic acid is so called because it was first isolated from 
Pelargonium roseum. (The so-called ‘geranium’ of greenhouses Is 
another species of Pelargonium). The characteristic smell of the 
quince is supposed to be due to an ester of pelargonic acid. 





























(b) Panel fully metallised. 
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(d) After polishing and lacquering. 


home 


AUTOMATIC MANUFACTURE OF RADIO SETS. 


constituents. The obvious move was then to try out this | 
acid, which can be prepared readily in the laboratory, to 
cure the ringworm of infected children by applying it either 
as dressings or by massage. Unfortunately no curative effect 
was obtained. Further investigation showed that by the 
time the ringworm has appeared there are spores of the 
fungus inside the hair itself, and that pelargonic acid 
applied in treatment is unable to penetrate through the 
keratin which makes up the bulk of the hair and so 1s 
unable to exert its fungicidal action on the spores. This 





natural fungicide is first produced during adolescence, 1! 
sterilises the hair follicle, and healthy hair grows when the 
infected ones have fallen out. 
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Fic. 2 (¢eft).—The face-milling machine employs diamond-tipped tools working at 3,000 revs per minute. 
Panels can be seen passing through the machine, propelled by rubber rollers across the face plate. Fic. 3 


(right).—-A long shot showing the production line of the Electronic Circuit-Making Equipment. 


Panels 


travel along a conveyor and are subjected to the following electronically controlled processes: shot-blasting, 
metallisation, face-milling to remove surplus metal and reveal circuit, socket insertion, lacquering, automatic 
circuit testing. 


An Automatic Radio Factory 


RADIO receivers by the million are now a practical pro- 
position. The radio industry, if it so chooses, can become 
as automatic as the atomic plant at Oak Ridge, which is 
run from a central control room linked to ten miles or so 
of instrument panels, with no more than twenty human 
workers to the mile. 

Details of an automatic process for manufacturing radio 
sets were given by Mr. J. A. Sargrove at a recent meeting 
of the British Institution of Radio Engineers. The basic 
idea which makes this possible rests upon the use of 


| bakelite sheet simultaneously as a structural support, as a 


former on which electrical connexions are deposited, and 
as a dielectric for the condensers. The design conception 
is such that electronic circuits can be produced in their 
final form by a fully automatic processing machine known 
as ECME—the Electric Circuit-Making Equipment. 

The process starts with moulded bakelite panels which 
bear grooves and depressions corresponding to the 
electrical circuit of the radio receiver to be produced. 
These panels are shot-blasted to roughen their surfaces 
and a layer of metal is deposited on the surfaces by means 
of a metal-spraying pistol. (The automatic control of the 
spraying operation is one of the most interesting features 
of the whole process.) 

The surface of the panel is now completely covered with 
a layer of metal; it is ‘fully metallised’, to use the technical 
term. Depressions and flat surfaces alike have a metallic 
covering, but when in the next stage of the process the 
panel undergoes face-milling the metallic layer is taken off 
the flat surfaces but remains in the hollows. Thus, if the 
original depression was a long thin streak we are left with 


| What is equivalent to a straight wire; a spiral depression 


becomes transformed into the equivalent of a spiral coil of 
wire. A condenser is equally easily formed, the bakelite 


| being used as the dielectric. 
ows when the | 


Thus it can be seen how the ECME production line 


turns out mouldings that are complete with inductances, 
fixed and variable condensers, resistors and conductors, 
all in continuous relation with one another. The whole 
circuit arrangement and components are automatically 
produced, with the exception of such things as valves and 
loudspeakers. 

These are the advantages that Mr. Sargrove claimed for 
his new technique. 

1. The number of elements on the insulated plate does 
not affect its cost. Only the size determines the cost. 
Components can be added or eliminated without involving 
costing difficulties. The tool producing the moulded plate 
is suitably modified or the mask responsible for the resistor 
network is altered, and there the matter ends. 

2. Wiring mistakes just cannot happen in this system, 
and inspection problems cease to be a costly item. 

3. By virtue of the fact that the results of all automatic 
tests carried out on the plates during processing provide a 
check on the preceding operations, a very high degree of 
uniformity is assured. 

4. The rate of production is controlled and is capable 
of being instantly adjusted to requirements by simply 
regulating the flow of plates into the plant. Radio sets 
come off the production line at the rate of one every 20 
seconds. 

5. Separate fabrication or purchasing of all but a few 
components is eliminated and this eases purchasing depart- 
ment and stock problems. The danger of being left with 
large quantities of redundant or obsolete components Is 
reduced since there are very few items which cannot be 
catered for by ECME. 

6. Production can continue at a predetermined rate with 
complete uniformity all round the clock, and unaffected 
by changes of shift. 

7. Electronic control assures complete safety, and at 
the same time maintains maximum economy in consump- 
tion of material and power. 

8. Radio circuits contained in plastic panels can be 
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Dr. Cecil Gordon. 


completely protected for tropical conditions by burying 
the whole circuit in lacquer. 

Y. Production of large quantities of sets can be achieved 
ina much shorter time than by existing methods, once the 
tools have been made. 

10. The cost of apparatus is reduced, permitting the 
scrapping of units which become unserviceable, and there 
is no need to keep large and highly skilled maintenance 
staffs in the field to repair complex equipment. 

11. Production is achieved with minimum labour and 
greater output per worker. 

12. Equipment made by this process is more robust and 
much lighter in weight, thus easing shipping problems. 

13. In many cases it will be unnecessary to pressurise 
airborne apparatus for high-altitude working, as is at 
present necessary. 

The sets already being made by means of ECME are 
battery sets, because they are intended for the millions 
throughout the world who have no available electric 
supply. Negotiations for huge numbers of these sets are, 
for instance, going on at the moment with the Chinese 
Government. The cost of these sets may be about £2 each, 
according to radio experts with whom we have discussed 
the subject, although after his lecture Mr. Sargrove was 
reluctant to give any definite figure on the very reasonable 
grounds that the price would depend on the numbers being 
produced. 


Operational Research and Coastal Command 


News about some scientific developments travels slowly. 
Operational research is a case in point. Last month the 
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Secretary of State for Air, Mr. Noel-Baker, gave a few 
details about the work that was done for Coastal Command 


during the war, and his words are worth quoting verbatim. 


‘‘In pre-war conditions the scientific use of manpower 
was not a problem to which the R.A.F. were obliged to 
give their minds to the same extent as now,” he said. “‘The 
need came and the first experiment was made under the 
extreme pressure of U-boat war. In 1942, Coastal Command 
was given duties which, on its then existing system and 
with its then resources, it was literally unable to fulfil, 
The servicing and maintenance manpower were insuffi- 
cient to give the flying hours required, so, in 502 Squadron, 
a scientific plan of flying and a scientific allocation of 
maintenance resources were drawn up. The result was 
astonishing. The squadron’s monthly output was 81% 
above the average previously achieved. The system was 
applied to all the squadrons and all the types of aircraft 
in the Command, and in 1943 the average increase in 
flying hours per man was 61°. That was a triumph for 
the new idea of planned flying and planned servicing— 
P.F. and P.S. as they are now called—a system which the 
R.A.F. accepted from a civilian, a ‘boffin’, Doctor Cecil 
Gordon, of the University of Aberdeen.” 


now runs the operational research unit of the Board of 
Trade. 

Mr. Noel-Baker went on to say that Transport Com- 
mand have made a further experiment. Since 1945 they 


have adopted the system of P.F. and P.S. but they added | 


to it some new ideas of their own. Those new ideas so far 
have had a great success. The intensity of transport flying 
has risen from a previous maximum of 100 hours per 
aircraft in a month to a present average figure of 163. 
On the York aircraft in the Command, for over 60,000 
hours flying in the year, the man-hours for servicing and 
maintenance fell from over 20,000 to under 12,000, a cut 
of very nearly half. The R.A.F. are now considering how 
far these new methods can be applied in other Commands. 


Evolution of Man 


THE Pan-African Congress’ on 
of the finds of fossil ‘man-like apes’ made in recent years 
in South Africa and of certain primitive apes from the 
Miocene of Kenya. Professor W. Le Gros Clark of Oxford 
University, who studied them in detail, took a prominent 
part in this discussion and has since reported on them in 
the B.B.C. programme, “‘Observation Post”’. 

The first of the South African specimens was discovered 
by Professor R. Dart of Johannesburg in 1925 and was 
named Australopithecus. Other specimens were subse- 
quently found by Dr. Broom of Pretoria; they received the 
names Paranthropus and Plesianthropus, though they are 
in reality very closely related to Australopithecus. When 
first described, these apes were regarded by most authori- 
ties outside South Africa as related to the gorilla or 


chimpanzee, though possessing some accidental human | 


resemblances. Now Professor Le Gros Clark has come 
to the conclusion that the human resemblances are far 
too numerous to be explained away as accidental. 

In the Australopithecines, the teeth are arranged in an 
evenly curved arch as in man, not in straight rows as in 





Dr. Gordon, | 
who is a geneticist (more specifically, a drosophilist), | 





Prehistory held at | 
Nairobi recently provided the opportunity for a discussion | 
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apes. The canine or eye-tooth is not a tusk (as it is in apes), 
but 1s as small as the eye-tooth of man. The details of the 
grinding teeth also are human, and so are the eyebrow and 
cheek regions, the joint between lower jaw and skull, and 
some details of the bony parts of the ear. 

But the most fascinating results were obtained from the 
study of the bones of the limbs, of which a fair number of 
fragments have been found, including the lower end of a 
humerus (bone of the upper arm), the upper end of an ulna 
(inner bone of fore-arm), one of the wrist bones and one of 
the finger bones, the lower end of a thigh bone, and one 
of the ankle bones. Most of these are typically human. 
Professor Le Gros Clark said that these apes ‘‘would stand 
and walk in the fully erect position which distinguishes 
man from all other mammals. They certainly show none 
of the characteristics of the modern anthropoid apes, such 
as the long powerful arms adapted for climbing and swing- 
ing among the trees.” 

It is evident therefore that the Australopithecine apes 
of South Africa must be very closely related to the ancestors 
of man. They provide most valuable confirmatory evidence 
for the theory that erect posture preceded brain evolution 
in the line that leads from primitive apes to man. This 
theory dates from the last century when the anatomist 
Cunningham first suggested it, and it has recently been 
supported on chronological grounds by Professor F. E. 
Zeuner in his book, Dating the Past, but so far the alterna- 
tive theory—that the brain developed first and the limbs 
followed suit—has been able to muster a number of 
adherents. Fossil evidence now certainly speaks in favour 
of the first theory. 

The study of the Miocene apes from Rusinga Island _ in 
Kenya, where Dr. L. S. B. Leakey has recently found a 
number of excellent specimens, promises interesting results 
ina different respect. These apes of perhaps 15 million years 
ago are extremely primitive, and yet some exhibit charac- 
ters which are present in man, but absent in modern apes. 
One of these is the absence of a ‘simian shelf’, a little 
bony shelf at the base of the chin. It looks therefore almost 
as if some human characters of the skeleton are older than 
the corresponding ape characters, and this introduces 
into the discussion the possibility that the anthropoid apes 
diverged from the line of human ancestry and not vice 
versa. 


Scientific Opportunism 


Two instances of good scientific opportunism came our 
way last month. The first was when the Automobile 
Association, which takes a keen and scientific interest in 
the problem of keeping traffic on the move in the now 
almost unworkable road system of London, seized on the 
Opportunity offered by a fall of snow to obtain photo- 
graphs recording the exact tracks of vehicles in a number of 
Streets. Several of these photographs are reproduced on 
this page, together with the comments of the A.A. traffic 


_ experts on points of traffic control which the photographs 


bring out. 

The other lesson in scientific opportunism comes 
from the British zone of Germany. Researching into the 
effects of detonation of large quantities of high explosive 
when stacked in the open, a party from the Ministry of 
Supply were working a few months ago in the wastes of 
Liineberg Heath, south of Hamburg. 











This picture of the SW. corner of Leicester Square shows 

the disproportionate amount of road sterilised for traffic 

by parking of a private car and the bad siting of a 
lamp-post. 





Junction of Pall Mall and Lower Regent Street, one of 

the most difficult corners in London because the one-way 

road is banked in the wrong direction. An improvement 

could be effected by easing the pavement on the extreme 

right to give vehicles a gentle sweep and by moving the 
lamp-post to the right. 


Piccadilly Circus. The angular formation of the island 
round Eros could be eased to promote traffic flow: note 
how close to the island vehicles go. The island by the 
cinema might be moved forward to give vehicles pro- 
ceeding east more room. (Photos by courtesy of the A.A.) 
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. This Atomic Age 


SAVING A TREE.—Instructions have béen given that 
mortar firing practice is to be discontinued in the 
craig near Llangynidr, Breconshire, where a small 
tree, Pyrus minima, said to be the only one of its 
kind in this country, and possibly the world, is in 
danger of being destroyed.—Parliamentary report in 
“The Times”. 


| 1 witty permit myself, for once, the indulgence of a 
» jittle philosophy.—Professor Joad in the “Sunday 
Dispatch’. 


*““NoBobDyY can teach me calories,” said the boy. “It 
is what you die of. . You can die of 1100 calories 
with the British and Americans, or you can die of 
900 calories with the French, or you can die of 800 
calories in a concentration camp.”’—From Children 
of Vienna, a novel by Robert Neumann. 
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/ | am a sufferer from the life-shortening disease 
} which was mentioned in the broadcast on atomic 
energy as being alleviated by a radio-active isotope 
of phosphorus. There is hardly any of the remedy 
here but I am informed that the hospital where I am 
is not permitted to purchase it from America, where 
there is plenty, as this would mean sending money 
out of the country for goods other than films, 
Letter in “The Listener.” 
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The explosion of up to 30 tons of TNT produced shock 
waves for a considerable distance and these were put to 
good use by German oil geologists working on the exten- 
sion of the small oilfield in the Elbe valley above Hamburg. 
Advantage was taken of the fact that for reasons of safety 
the explosives trials had to be held within a narrow time 
limit. The German technicians sought the co-operation of 
the British staff controlling the trials and it was made 
possible for them to be notified of the exact times of 
detonation, chronometers have been previously synchron- 
ised for the two parties. The earth shocks resulting from 
the explosions were recorded and afterwards analysed to 
obtain information about the geological structures of the 
area and the location of the oil-bearing strata. 


Corroding Pipes and Bacteria 


THE corrosion of buried iron and steel pipes costs £30 
million a year, according to an American estimate, and to 
agencies such as the Metropolitan Water Board this 
corrosion presents an urgent problem. The layman may be 
surprised to learn that bacteria play a part in this corrosion 
process. The physiology of the particular bacteria involved 
is being studied at the Chemical Research Laboratory, 
Teddington, and in a recent lecture at Queen Mary 
College, the director of that laboratory, Professor R. P. 
Linstead, gave some interesting details about this subject. 

In damp soil corrosion of iron depends on an electro- 
chemical mechanism. A number of tiny galvanic cells 


April, 1947 DISCOVERY 


come into being all over the surface of the iron as the metal 
is not uniform throughout. The water is split up electroly.- 
tically and hydrogen is set free at the negative electrode 
(cathode) of each tiny galvanic cell. In the process iron 
goes into solution, or as the layman would say, it corrodes, 
This goes on so long as the hydrogen is removed as fast 
as it is formed. If it accumulates electrolysis stops (the 
cell is then said to be ‘polarised’) and the corrosion of the 
iron stops. But if the hydrogen meets oxygen it is converted 
into water, and the electrolytic action that causes corrosion 
proceeds. One would expect that an iron pipe buried in 
subsoil deficient in oxygen, for example, heavy clay, 
should be fairly free from corrosion. But this does not 
prove to be the case. Unfortunately there are certain 
bacteria which flourish in the absence of oxygen and which 
can release oxygen from sulphates dissolved in the soil, and 
this oxygen neutralises the effect of the hydrogen which 
would otherwise bring corrosion to a virtual standstill. 
These sulphate-reducing bacteria have been known for 
some fifty years. They were first investigated mainly in 
Holland. Dutchscientists first isolated them fromcanal mud. 
One important sulphate-reducer is Vibrio desulphuricans. 
This can certainly cause iron corrosion in the absence of 
air (anaerobic corrosion as it 1s called), although it may not 
be the only microbe that can do so. Mr. K. R. Butlin of 
the Chemical Research Laboratory has recently made a 
number of significent discoveries by studying the nutritional 
requirements of this vibrio. It is found that the vibrio 


does not need organic carbon, but is able to live if the only | 


carbon supplied is in the form of a carbonate. Moreover, 
though the vibrio develops best in the absence of oxygen, 
it can live when oxygen is present. Iron proves to be an 
essential growth factor for this organism. 

The reduction of sulphate which provides the oxygen 
that keeps electrolytic corrosion going is accompanied by 
the release of hydrogen sulphide and this reacts with the 
dissolved iron to produce iron sulphide. This is black in 
colour, and microbiological corrosion of this kind can 
easily be detected by the black stain which appears in the 
subsoil. Another location where the activity of sulphate- 
reducing bacteria can prove costly is at the bottom of oil- 
Storage tanks, where corrosion of the metal may be 
followed by serious leakage. 
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Photograph of sulphate-reducing bacteria (Vibrio 


desulphuricans), which can cause corrosion of pipes. 
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THIS article, continued from page 83 
of the March issue of DISCOVERY, is 
reprinted by kind permission of the 
Editor of Endeavour. 


Man’s Influence on Marine Life 








PROFESSOR C. M. YONGE, D.Sc., 


ALONG stretches of the Atlantic coast the French also 
cultivate mussels on long fences of piles and wattling 
driven into the mud flats. This bouchot system was intro- 
duced by an Irishman named Walton, who was the sole 
survivor from a small vessel wrecked in 1235 in the Anse 
de Aiguillon. On the muddy shores of this shallow bay, 
widely exposed at low tide, he is said to have driven stakes 
for the attachment of roughly woven grass nets in which 
he hoped to snare sea birds. He soon found that his nets 
became covered with mussels, which grew much larger 
than those on the shore and which proved an excellent 
source of food. He then took to planting stakes with 
interwoven twigs between them and so established the 
simple form of cultivation which still persists. 

Modern examples of successful cultivation of bivavles 
include the unique pearl shell farm at Dongonab in the 
Red Sea, developed by the late Dr. C. Crossland from 1905 
until 1923, when a decline in the price of pearl shell caused 
its abandonment, and the culture pearl industry in Japan. 
Small beads which form the nucleus of future pearls are 
enclosed within pieces of the shell-forming tissues of a 
pearl oyster, and the whole, by a delicate operation, is 
grafted into the tissues of an intact oyster. A very different 
animal, the commercial sponge, offers possibilities to the 
cultivator. It grows attached like a plant, and cuttings 
may be made which will round off and grow under suitable 
conditions. 

Transplantation of marine animals over great distances 
raises much greater problems than does that of terrestrial 
animals. If climate and food are suitable, many domestic 
and other animals may flourish in the southern hemisphere 
or in North America as well as, or even better than, they 
did in their original home in the Old World. Freshwater 
fishes may also be transported successfully, as the teeming 
populations of trout and other fish introduced into the 
rivers and lakes of New Zealand bear witness. But with 
marine fish there is the additional factor of spawning 
migrations. In general, fish grow on their feeding grounds 
but then migrate against the prevailing currents to spawning 
areas characterised by very sharply defined physical and 
chemical conditions. From these the small, surface- 
dwelling larvae are carried passively back by the currents 
to the adult feeding grounds, sometimes by way of ‘nur- 
sery’ areas. Thus, though an adult fish may feed and grow 
in new surroundings, the whole complex mechanism of 
spawning migrations is upset, and the animals fail to 
establish themselves. Attempts to introduce herring into 
New Zealand waters failed, probably for this reason. 
Atlantic salmon successfully introduced into the rivers, 
apparently failed to find their way back to the rivers where 
they must spawn after feeding and growing in the sea. 

On the other hand, transplantation over limited dis- 
tances is possible. Marked plaice have been transplanted 
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from coastal waters to the rich feeding grounds of the 
Dogger Bank and have there grown much faster than 
similar animals on the original grounds. The Danes have 
successfully transplanted small plaice from the crowded 
waters of the North Sea to the richer feeding grounds of 
the Limfjord. 

It is also possible to transplant some marine inverte- 
brates which live and spawn in the same place, usually in 
shallow water. Oysters and other bivalves are normally 
‘relayed’ on a large scale, although attempts to establish 
lobsters, which have a more complicated life-history, into 
New Zealand waters have failed. In Great Britain, where 
the population of ‘native’ oysters has greatly declined, 
young or ‘seed’ oysters have been purchased from France 
or the United States. Some of those from France have 
been of the same species as the ‘native’, Ostrea edulis, but 
many have been Portuguese oysters, O. angulata, which 
colonised the southern parts of the French Atlantic 
coast during the past half-century. This oyster grows 
well on British beds but never spawns, and so can never 
become established here. It is indeed the spawning tem- 
perature, rather than the temperature at which the adult 
can live, that largely controls the distribution of marine 
invertebrates. Ostrea edulis spawns when the temperature 
reaches about 15° C., but O. angulata does not spawn until 
20° C., which is not attained round our coasts. The same 
difficulty was found when the Japanese oyster, O. gigas, was 
introduced along the Pacific coasts of North America to 
replace the smaller local species. The temperature is rarely 
high enough to permit natural spawning, but some success 
was achieved in the summer months by placing the oysters 
in floats where the water reached a higher temperature 
than on the bottom. Later, successful use was made of 
discoveries by Dr. P. S. Galtsoff of the United States 
Bureau of Fisheries, who found that oysters will breed 
at lower temperatures if stimulated by the presence of their 
own genital products in the water. In Vancouver, the 
Japanese oyster has been regularly induced to spawn 
by pouring suspensions of ripe egg and sperm, obtained 
from the sheds where oysters are opened and canned, 
over the beds at the height of the summer. 

So far as we have discussed it, cultivation in the sea 
consists of ensuring high survival rate of certain stocks 
in areas where food is abundant. Increase in available 
food, as produced on land by the use of fertilisers, is still 
in the experimental stage in aquiculture. The ‘fattening’ of 
oysters in the c/aires at Marennes is due to the enrichment 
of the water by seepage of nutrient salts from the land, 
the rich microscopic flora so ensured forming food for 
the oysters. In limited masses of water, fertilisation by 
addition of nutrient salts containing available nitrogen 
and phosphorus is feasible, and initial experiments by 
Norwegian and Danish biologists have revealed significant 








104 





April, 1947 DISCOVERY 





bic. 3. 


increases in plant and animal life. Similar experiments, 
aimed at an eventual enrichment of the local stocks of 
fish, have been carried out during recent years in small 
lochs along the west coast of Scotland.* 

The dispersal of the fauna of the land by the activities 
of man is in no way paralleled in the sea. Some of the 
reasons for this, such as the association of breeding 
migrations in fish with ocean currents, and the influence 
of temperature on the breeding of many marine animals, 
have been noted. Nevertheless species have been carried 
to new areas either deliberately, as in the case of the oysters, 
or else accidentally. When American oysters were relaid 
on British beds they were accompanied by the slipper 
limpet, Crepidula. This -vas first noted in the eighties of 
last century and now extends from the Humber round the 
south coast as far as Dorset. Unlike the species of oyster 
which it accompanied here, it is able to breed within a 
range of temperature found around our coasts and has 
firmly established itself. It is now a major pest on many 
British oyster beds. Some twenty years ago it was found 
on the coasts of Holland, where it had apparently been 
transported across the North Sea attached to floating 
wreckage or possibly seaweed. Within ten years it had 
become a serious pest there also, and had also spread 
north to the coasts of Germany and Denmark. During 
the hard years of the recent war the Dutch were driven 
to utilise this previously unwelcome visitor as a source 
of human food. 

There remain to be mentioned the effects of major 
engineering works on marine life. The author was first 

* See “Artificial Fertilisers in Fish Farming” by Dr. David T. 
Gauld, Discovery, January, 1947, Vol. 8, pp. 6-9. 


Phe moat of Fort Jetferson, Tortugas Islands, Gulf of Mexico. 


struck by these during a visit to the Carnegie Marine 
Biological Laboratory on the Tortugas Islands in the 
Gulf of Mexico. On one of the sandy coral cays arises the 
immense brick erection of Fort Jefferson, now derelict 
(Fig. 3). This is surrounded by a moat which was originally 
in free communication with the sea and in which became 
established a representative sample of corals and other 
marine organisms. In 1919, hurricane seas breached the 
moat, sand and debris were carried in, and free circulation 


ceases: it became a sediment trap. In 1934 the fauna of | 
the moat was very different from that when the sea had | 


free access. Only those organisms which could withstand 
silty conditions survived, and these included only one out 
of originally seven species of corals, namely Siderastrea 


radians. But the most noteworthy fact was that many of | 


these colonies had become more rounded and had changed 
to skeletal form; in this way they had become capable of 
living in water where there was a continuous fall of sedi- 
ment. 


Suez and the Zuider Zee 


One of the greatest feats of marine engineering was the 
cutting of the Suez Canal (Fig. 4). In 1924, fifty-five years 


after the canal was opened, the fauna was studied by 4 | 
Cambridge University expedition under Professor H. | 


Munro Fox. The greatest barrier to the migration of 
animals through the canal is the high salinity of the Bitter 
Lakes, originally a dry valley but with salty deposits 
resulting from the drying up of a former northward 
extension of the waters of the Gulf of Suez. To a less extent 
the narrowness of the canal proper and the stirring up of 
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water in it by the passage of boats 
affect large and small animals re- 
spectively. But despite these factors 
and the high temperature of the 
shallow water, there is now a repre- 
sentative marine fauna in the waters 
of the canal and its lakes. The animals 
are predominantly Red Sea species, 
because powerful currents flow from 
the Red Sea into the Bitter Lakes, 
while there is a slow current from 
there into the Mediterranean for ten 
months of the year. Only in fish are 
Mediterranean species well repre- 
sented, because these move indepen- 
dently of currents. The invertebrate 
animals are distributed mainly during 
the drifting planktonic stage of the 
life-history and so are at the mercy 
of prevailing currents. Gradually, re- 
presentatives of the Indian Ocean 
fauna are passing through into the 
Mediterranean, where two of them, a 
pearl oyster and a swimming crab, are 
now firmly established. 

The Dutch, in the Jatest and greatest 
of their battles with the sea, com- 
pleted a great dyke across the mouth 
of the Zuider Zee in June 1932. Bvy 
so doing they converted a wide area 
of saline water into a great inland 
lake. Before the dyke was finished a 
thorough survey of the animals and 
plants within the Zuider Zee was made, 
and subsequent changes in both the 
environment and the population were 


Closely followed. Originally the latter consisted of a 
somewhat restricted though essentially marine community, 


WHAT USE IS 
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In America the production of hydrogen by this method is 
carried out on the industrial scale. The two reactions occur 
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but included a number of endemic 
species of both plants and animals. 
Decrease in salinity was accompanied 
by a rise in nutrient salts and so in 
basic fertility, and there was a wide- 
spread change in the fauna and flora. 
Purely marine species, such as herring, 
anchovies, plaice, mussels, cockles and 
crabs, and also a seal colony on the 


\island of Urk, all disappeared. Por- 


poises were asphyxiated under the ice 
which formed on the now fresh water. 
Brackish-water or estuarine species, 
notably the solitary endemic crab, 
maintained themselves to some ex- 
tent, but freshwater forms which 
migrated down from the rivers became 
dominant within two years after the 
completion of the dyke. These in- 
cluded bass and carp among fish, 
many freshwater plants, and also 
invertebrates such as the harlequin 
fly, Chironomus, which breeds in 
water. This became so numerous in 
the initial absence of enemies that 
the hordes of flies arising from the 
water blocked the radiators of cars 
driving over the dyke. 

After the repair of damage suffered 
during the war, the eventual outcome 
of this major change brought about 
by the activities of man will be the 
conversion of a shallow arm of the 
Sea into a restricted and reed-bordered 
lake. This will be rich in freshwater 
life but will probably contain a few 


as sole evidence of its original saline 


products which are theoretically methyl alcohol, formalde- 
hyde and formic acid. These are useful products at present 





at two distinct stages. Steam and methane are passed 
through catalyst tubes at about 900 C. when the first 
reaction occurs. More steam is then added and the gases 
passed through another catalyst at about 450 C. when the 
second reaction occurs. Hydrogen is needed in very large 
quantities for the manufacture of ammonia by the Haber 
Process. In this process atmospheric nitrogen is made to 
combine with hydrogen using catalysts and high pressures. 
fifty-five years The ammonia may be converted into nitric acid. Accord- 
studied by a | ing to Lawrie about half of the synthetic ammonia pre- 
ct i pared in America during the war was made from hydrogen 
miaration of derived from natural gas. | 
y of the Bitter | . There IS still another field of reactions open to research 
salty deposits in the utilisation of methane. That is the oxidation 


ier northward 
Toa less extent 
. stirring up of 


prepared by other methods. The controlled oxidation of 
methane would be a difficult thing and the question as to 
whether the methane could be better used as a fuel still 
remains. In America it is a different matter—there is no 
lack of fuel resources, while American miners rank among 
the highest paid industrial workers. In Britain fuel shortage 
presents the most serious of all the factors delaying indus- 
trial recovery. All the products which can be made from 
methane can be obtained from other sources and often 
more easily. The sources of methane are scattered—natural 
gas here, coke ovens there and sewage works elsewhere. 
Interesting though the chemical processes for methane 
are, the local augmentation of fuel supplies would still 
seem to be the best use it could be put to. 
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Methane or marsh gas played an important part in the formulation of Dalton’s atomic theory. 


This 


panel in Manchester's Town Hall shows Dalton collecting methane—he called it ‘carburetted hydrogen’ 


from a pond. 


Little use has been made of methane in Britain since that time. 


What Use is Methane? 





RAYMOND GLASCOCK, B.Sc. 


Tue Ancients used to worship the sun not only because it 
inspired them with wonder but also for the good practical 
reason that it warmed their bodies and ripened their crops. 
We. no less than they, are dependent on sunlight, for 
apart from the normal processes of agriculture it is the 
origin of nearly all the forms of energy we use. 

Carbon dioxide and water are substances of zero 
chemical potential energy and are built up into carbo- 
hydrates such as sugar and cellulose by means of light of 
the sun. These substances are capable of yielding the 
energy thus stored up when they are burned or metabolised 
as the case may be. Organic material formed millions 
of years ago beneath a sun hotter than the one we know 
has. under certain geological influences, changed its form 
to coal or oil, but its chemical energy derived originally from 
the sun. It is the sun that evaporates water which, con- 
densing on higher ground, drives turbines in its descent. 
Ultimately it is the sun’s energy that drives our ships, our 


locomotives, our motor cars, our generating stations—and 
ourselves. Only tidal energy and atomic energy are not 
traceable directly to the heat of the sun. 

It is nothing new to say all this but it is worth remem- 
bering; and it is certainly worth while to consider whether 
the substances whose chemical energy we use are put to 
their best use. If it takes half a century to make a tree it 
takes nature millions of years to make a lump of coal or a 
gallon of crude oil. We must burn sugar in our bodies, but 
must we burn coal in our grates and furnaces? 

Coal, it is well known, is a source not only of heat but 
of valuable chemicals. When subjected to destructive 
distillation it breaks up into a number of products of 
varying complexity. The non-volatile part which remains 
behind—the coke—is amorphous carbon. The volatile part 
is passed through condensers when two sorts of liquid 
collect as their vapours cool and a mixture of gases con- 
sisting mainly of hydrogen, methane, ethylene and carbon 
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monoxide pass on. The gas mixture is treated with 
chemicals to remove objectionable compounds such as 
hydrogen sulphide and then supplied to the public as the 
familiar coal-gas. 

The liquid portion of the products coming from the 
condensers form two layers; the aqueous portion (gas- 
liquor) contains ammonia, ammonium carbonate and 
ammonium sulphide, which can be converted into ammon- 
ium sulphate; the non-aqueous layer, or coal-tar, is worked 
up by redistillation into a large number of important 
organic chemicals. These include the /Aydrocarbons, 
benzene, toluene and xylene together with the less volatile 
naphthalene, anthracene and phenanthrene; the bases 
pyridine, quinolene and aniline; and the phenols such as 
carbolic acid and cresol. The relatively non-volatile 
residue or pitch is used for road-making, for water- 
proofing, roof-felting and so on. Other products of inter- 
mediate boiling-point are solvent naphtha and creosote. 

Nearly all these chemicals are of considerable industrial 
importance. Benzene is used as a motor fuel and in dry- 
cleaning. Toluene is used in the manufacture of TNT and 
of saccharin. Pyridine and quinoline are used in the manu- 
facture of drugs and antiseptics and in synthetic chemistry. 
Both aniline and anthracene are used in the synthesis of 
important families of dyestuffs; phenol and cresol are 
widely used in the preparation of disinfectants. Naphtha- 
lene is of little commercial value: its oxidation will pro- 
vide phthalic acid, and it is used in the manufacture of 
dyes, mothballs and fire-lighters. 

Considered therefore economically and _ scientifically, 
and neglecting for the moment such matters as the com- 
fortable pleasure the coal fire gives, the gas-works is 
undoubtedly a desirable and necessary enterprise. In it the 
coal is used to its best advantage and even where there are 
other forms of power available there is probably no better 
way of using coal than as a source of gas, chemicals and 
coke. (Besides being a simple fuel coke is also used in 
large quantities in iron smelting and in the manufacture 
of carbide for acetylene production.) 

There is another raw material worth considering but 
here the issue is not so clear-cut. When one considers 
methane the question arises as to whether we need fuel or 
chemicals more. Dr. J. P. Lawrie* gives an interesting 
account of all the existing sources of methane and shows 
clearly that it is very little used either as a fuel or as a 
source of chemicals. He is quite right to deplore the waste 
of methane but whether he is right in advocating its use 
aS a raw material for the chemical industry is rather another 
matter. Pending the full development of hydro-electric 
schemes and of atomic energy it would seem that the rela- 
tively few useful products to be obtained from methane 
could—with the possible exception of carbon-black—be 
better obtained elsewhere. It is none the less interesting 
to study the methods of treatment of methane together 
with the industrial processes worked out for its use as a 
chemical instead of as a fuel. 

Methane is known also as marsh gas and fire-damp. 
There are many sources: it results from the decay of 
vegetable matter under the airless conditions of swamps 
and marshes; it occurs occluded in coal being liberated 
during cutting and when so liberated it forms a danger- 
Ously explosive mixture with air; it is a constituent of 

* Chemicals from Methane by J. P. Lawrie (Science Services Ltd.). 
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natural gas, that is the gas coming from oil wells and 
geologically similar places, and of coal gas which contains 
about 30°%. An artificial “marsh gas’, as it were, 1s pro- 
duced by the bacterial digestion of sewage, the product 
containing about 70°¢ methane. There are in fact plenty 
of sources of plenty of methane and J. P. Lawrie’s informa- 
tive little booklet gives some interesting figures. 

There is a plentiful supply of natural gas in Mid- 
lothian where some twelve million cubic feet of natural 
gas containing 84°, methane are produced every day. 
Coke-oven gas contains over 63°, methane and Lawrie 
estimates that about ten million cubic feet were produced 
daily in 1939 from works in various places in this country. 
Coal mines can be reckoned on as a source of a further 
million or so cubic feet each while sewage works, such as 
that at Mogden, can produce quantities up to 1,350,000 
cubic feet daily. 


A Fuel and a Raw Material 


What happens to all this gas? Is it put to the best pos- 
sible use in a country short of fuel and obtaining most of 
its chemicals from coal? Some is used as fuel in a very 
small number of motor cars which use sludge-gas. Much, 
however, is wasted, some being even wasted by burning 
where it is unsafe to liberate it into the atmosphere. 

Methane is the simplest of a group of chemical called 
the paraffins. This name means ‘little affinity’ and was 
given to the group because they have little chemical 
activity. The paraffins form what is known as a /omo- 
logous series: in this case each member differs from its 
predecessor in the series by a CH.-group per molecule. 
Thus methane is CH, while the next member ethane is 
C,H, (—CH,—CH.,). Methane is a gas liquefying at a low 
temperature (— 161 C.) toa liquid less than half as heavy 
as water. 

To ordinary chemical reagents methane well merits its 
title of paraffin: it is almost insoluble in water and when 
passed through bromine, potassium hydroxide, sulphuric 
acid, nitric acid or potassium permanganate solution— 
all powerful chemical reagents—it is left unchanged. 
Chlorine, it is true, will react with it but not in the dark or 
in the absence of a catalyst (a substance which alters the 
speed of a chemical reaction). In sunlight methane and 
chlorine in the proportion of | to 2 by volume explode to 
give hydrogen chloride and free carbon: 

2CI,— CH,=4HCI—C 

If the reaction is induced to go less violently by the use 
of diffuse sunlight a number of other compounds can be 
isolated, namely methyl chloride (CH,Cl), methylene 
dichloride (CH.CI.,), chloroform (CHCI,) and = carbon 
tetrachloride (CC\,).. These are all chlorine substitution 
products of methane. The chlorination of methane has 
been developed in Germany and will be dealt with later in 
this article. 

First what of methane as a fuel? Since ordinary coal 
gas contains up to 40°, methane it is readily seen that 
there should be no difficulty in using methane for domestic 
purposes. Some slight adjustment of the burners is 
probably all that would be necessary— if that. As methane 
is relatively incondensable—it requires a pressure of 
140 atmospheres to liquefy it at 0 C.— it suffers the same 
disadvantage as coal gas for use as a motor fuel. That 
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is to say it could be stored only in cylinders at high pressure 
or in large bags. Nevertheless some municipal vehicles are 
run on methane obtained from sewage digestion. On 
the balance then it appears that, as a fuel, methane is best 
used for industrial and domestic purposes and it is extra- 
ordinary that such a wastage as J. P. Lawrie speaks of has 


been tolerated so long. What is more, the production of 


methane could probably be stepped up many-fold if only 
by the use of sewage digestion on a larger scale. 


Pyrolysis of Methane 


The principal process in the conversion of the gas into 
other chemicals is pyrolysis, that is to say decomposition 
by heat. We are already familiar with this process in the 
gas-works treatment of coal: destructive distillation is a 
special case of pyrolysis. The products obtained from 
methane on heating depend—as in most cases of pyrolysis 
—on the temperature applied and the presence of catalysts. 
The simplest pyrolytic process is the burning of the gas 
in an insufficient supply of air. The smoky flame so pro- 
duced deposits soot on cold surfaces which being col- 
lected is used under the name of carbon black. The 
chemical reaction Is: 


CH,+0,=2H:,0+C 
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1. Ata cost of £85 apiece, a fleet of vehicles belonging 
to Croydon Corporation have been converted to 
methane, with the saving of 85,000 gallons of petrol 
a year. The methane is produced by digesting sewage 
Sludge in digestion tanks seen in the background. In 
the foreground is the purifier for extracting sulphur 
from the methane. 2. Heat generated in this heater- 
house by burning methane keeps the sludge at a 
temperature of about 85 F., the best temperature for 
digestion. 3. Twelve high-pressure cylinders for the 
Storage of methane at 5.000 Ib. per square inch. 


there being insufficient air to burn up the carbon which 
is therefore deposited. In the simplest commercial process 
the methane (in the form of natural gas or sludge gas) Is 
burned as a smoky flame as it issues from long slits, the 
air supply being adjusted to give the best yield of black. 
These flames impinge on the surface steel contraptions 
called channels—hence the name of the product, channel 
black—where the carbon is deposited and subsequently re- 
moved. The theoretical yield is about 31 Ib. of carbon per 
1000 cubic feet of gas, but the channel process yields only 
1-5 and is therefore relatively inefficient. Another process 
in which the gas and air are burnt not at jets but together in 
a furnace is considerably more efficient and up to 20 Ib. 
per 1000 cubic feet are produced. This product is dis- 
tinguished as furnace black. Thermal black is manufac- 
tured, on the other hand, by a process which is more of a 
true pyrolysis than incomplete combustion. A furnace is 
heated by burning natural gas; natural gas is also passed 
through the furnace where decomposition occurs and 
carbon is deposited. In working out the efficiency of such 
a process, of course, the amount of gas used in heating the 
furnace has to be taken into consideration if a fair com- 
parison with the other methods is to be made. Other 
forms of carbon black are made by the incomplete com- 
bustion of oil, that is Jampblack, and also by the cracking of 











ee ee 








DISCC 


acetyle 
can be 
in part 
for one 
variety 
is used 
mix to 
finishe¢ 
fillers | 
on are 
bakelit 
fillers 1 
ever, pI 
other s 
ficatior 
is used 
owing 
chemic: 
combin 
conside 
that no 
over 31 
articles 
such ar 
materia 
rubber 
same ti 
chemics 
and he: 
Carb 
inks wl 
drving ¢ 
is not | 
ordinar 
Anot 
Lawrie 
thetic cl 
by the 
heating 
coke ar 
mined 1 
which it 
ture. A 
favoura 
convers. 
electric 
tube ab 
being cc 
Passing 
are forn 
black. 
to remc 
the acet 
for use 
complex 
would s 
with the 
are in 
Huls us 
10,000 k 
Produce 
Acety 
Cheap a1 





ISCOVERY 





longing 
rted to 
ft petrol 
sewage 
und. In 
sulphur 
heater- 
pe at a 
ture for 
for the 
inch. 


arbon which 
>rcial process 
Judge gas) is 
ong slits, the 
eld of black. 
contraptions 
duct, channel 
sequently re- 
yf carbon per 
ss yields only 
other process 
ut together in 
up to 20 Ib. 
oduct is dis- 
is manufac- 
is more of a 
A furnace Is 
; also passed 
occurs and 
iency of such 
n heating the 
f a fair com- 
nade. Other 
mplete com- 
e cracking of 























DISCOVERY April, 1947 


acetylene. Lampblack contains oily impurities but these 
can be removed by ignition in chlorine. The others differ 
in particle size—that is in softness—and are more useful 
for one purpose than another. Carbon black is used in a 
variety of industries, notably the rubber industry, where it 
is used as a filler. A filler is a substance added to a plastic 
mix to confer additional mechanical properties on the 
finished and set product. Sand and gravel are used as 
fillers for cement; wood chips, asbestos, sawdust and so 
on are used as fillers for plastics such as 
bakelite; clay and carbon black are used as 
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Besides its familiar use as a fuel in oxy-acetylene welding 
it may be converted readily into acetaldehyde, into vinyl 
acetylene and thence into butadiene, and into acetone. 
Buna rubber, for example is manufactured from acetylene 
by converting into vinyl acetylene by the action of a satur- 
ated solution of cuprous and ammonium chlorides. This 
is then reduced to butadiene by hydrogenation and co- 
polymerised with styrene to give Buna S. 
The reactions are: 


POLYMERISATION 





2 C2H2 


fillers in rubber articles. Carbon black, how- ACETYLENE 


ever, probably goes further than most of the 
other substances used as fillers in its modi- 
fication of the properties of the substance it 
is used with. It has even been suggested that 
owing to its extremely fine state of division 
chemical bonds are actually involved in its 
combination with the rubber. It confers 
considerable toughness on the rubber product in a way 
that no other filler satisfactorily does. Motor tyres contain 
over 30°, carbon black in their rubber while cheaper 
articles like rubber heels contain even more; in fact in 
such articles fillers may account for upwards of 90° the 
material. The fillers are introduced by kneading with raw 
rubber in massive dough mixers incorporating at the 
same time sulphur, accelerators, anti-oxidants and other 
chemicals. The articles are then moulded under pressure 
and heat when the rubber becomes vulcanised. 

Carbon black finds its other principal use in printing 
inks where the other important ingredient is usually a 
drving oil such as linseed or tung. The drying of such inks 
is not therefore one of exaporation as is the case with 
ordinary ink but of chemical oxidation as in paint. 

Another pyrolytic product of methane according to 
Lawrie is acetylene a gas of extreme importance in syn- 
thetic chemistry. Acetylene is usually produced, of course, 
by the hydrolysis of calcium carbide which is made by 
heating lime and coke in the electric furnace. As lime and 
coke are cheap materials the cost of the carbide is deter- 
mined mainly by the cost of the electric power without 
which it is not possible to get a sufficiently high tempera- 
ture. Another method, stated by Lawrie to compare 
favourably in cost with the carbide process, is the direct 
conversion of methane into acetylene by means of an 
electric arc. The methane, as natural gas, is fed into a 
tube about a metre long in which an arc is struck, the gases 
being cooled by means of a water spray immediately after 
passing through the arc. A number of other substances 
are formed at the same time—notably hydrogen and carbon 
black. A fairly elaborate system of purifiers is required 
to remove the suspended carbon black and to separate 
the acetylene from other gases before it is finally available 
for use as a raw material in synthesis. This method, the 
complexities of which have been only hinted at here, 
would seem on the surface to compare very unfavourably 
with the simple carbide process; nevertheless several plants 
are in operation notably at Linde and Huls. That at 
Huls uses a battery of 15 arcs each consuming about 
10,000 kilowatt-hours (10,000 units) per ton of acetylene 
produced. 

Acetylene is an extremely valuable raw material and a 
cheap and plentiful supply is essential for many industries. 


VINYL ACETYLENE 


(WITH CATALYST) 
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CH,=CH-CH=CH,—waeieenvnene > BUNA S RUBBER 
BUTADIENE 


Alternatively the vinyl acetylene may be treated with 
hydrogen chloride to give chloroprene (CH,=CH — CCI 
CH.) which may be polymerised to neoprene, a synthetic 
rubber especially useful on account of its resistance to oil 
and oxidising agents. 

The chlorine substitution products of methane, of which 
there are four, may all be prepared by the direct reaction of 
methane with chlorine. The method has been developed 
in Germany where large cylindrical cement-lined furnaces 
of approximately 250 cubic feet capacity are used for the 
reaction. The methane is used in considerable excess 
and, mixed with the chlorine, is introduced into the top 
of the furnace. The reactions occur at a furnace tempera- 
ture of about 400 C. without the use of any special catalyst. 
The gaseous products are excess methane, the vapours of 
the chlorination products and hydrogen chloride. These 
are treated with alkalis to remove acidic substances and 
the chlorinated products isolated by strong cooling. The 
mixed chlorine substitution products can, of course, be 
separated from each other by fractional distillation. 

The four substitution products have various uses. 
Methyl chloride (CH,C]) is a gas which liquifies at — 24 C. 
Small quantities of it are used as a local anaesthetic, and in 
much larger quantities it finds use in the manufacture of 
certain organic dyes. (In the latter case it is used as a 
methylating agent: that is to say, as a means of introducing 
the methyl radical (CH,— ) into other molecules.) Methyl] 
chloride is also used in the same way aS ammonia in 
refrigerators. Methylene dichloride (CH.Cl,) is a liquid 
denser than water and boiling at 41 C. It has its uses as 
a low-boiling solvent. Chloroform (CHCI,), a dense 
liquid boiling at 61 C.is widely used as a general anaes- 
thetic, as a solvent, and as a synthetic reagent. The fully 
chlorinated product, carbon tetrachloride (CCl,), is a 
heavy liquid boiling at 77 C. much used as a non-inflam- 
mable solvent (it is employed in the dry-cleaning of clothes, 
for example) and in fire-extinguishers. 

Among other the chemicals capable of being produced 
from methane, the only other important one is hydrogen. 
(There are, of course, many other sources of this gas.) By 
use of a suitable catalyst the following reactions between 
water and methane may be promoted with the production 
of hydrogen: CH,+H.,O=CO +3H, 

CO +H.0O—CO,+ H:, 


(ccntinued on p.105) 








The fortification of foodstuffs with vitamins and 
mineral salts 1s a controversial subject. In this 
country the calcium content of flour is artificially 
increased, vitamins A and D are added to mar- 
garine, and there has been considerable support 
for the idea that salt should be todised to augment 
the 1odine in our diet. But support of the fortifica- 
tion nolicy generally stops there. Here are the 
views on this subject of the American chemist, 
Dr. R. R. Williams, who is famous for his work 
on the B vitamins, as expressed in his recent 
Perkin lecture to the joint meeting of the American 
Chemical Society and American Society of 
Chemical Industry. 





Should Food be Fortified? 





Dr. ROBERT R. WILLIAMS 


Some forty years of vitamin history now clearly suggest 
prevention, not healing, of deficiency disease as the primary 
goal to be sought. Before this could be practically attained 
by the synthetic route, it was necessary for the vitamins 
to become cheap, a result which could only come through 
expanding production. It is a matter of pride that thiamine 
production and pricing has to a degree set the pattern for 
those of other vitamins. The first kilo or two of the syn- 
thetic article sold for $10 a gram which seemed very cheap 
by comparison with the natural substance in pure form 
which cost over $300 a gram to produce even on a relatively 
large scale of operation. However, the price of synthetic 
thiamine swiftly declined to $1 and then more slowly to a 
level of 16 cents in recent years when the annual volume 
of production in the United States has exceeded 50 metric 
tons. 

In fostering the fortification of staple foods, we have had 
a great deal of help from the medical profession, but many 
fail to sense the difference between measures which tend 
to become self-propagating and those which require per- 
sistent external pressure. The business man senses this 
immediately. Typically the doctor wants to incarcerate his 
patient in a hospital and there subject him to various ex- 
pedients under controlled conditions. If the findings are 
positive, publish the results and there you are, so he thinks. 
He is not greatly concerned whether or how soon the find- 
ings are put into general use. Only the physician with public 
health leanings or experience readily grasps the prime 
problem of correcting staple foods as they pass into the 
channels of trade. The correction of staple foods may be 
compared with the chlorination of water. One would 
scarcely round up a few patients in a hospital and give 
them chlorinated water as a test. The essence of both 
problems is the mass application of the measures. Can 
you do a thorough job when dealing with an entire popula- 
tion? Can efficiency, honesty and public acceptability 
be maintained year in and year out and what are the costs 
and the results when you do so? 

The principal opposition to the so-called enrichment of 
bread and flour has, however, come from the perfectionists. 
This group, which includes many nutritionists, physiolo- 
gists and biochemists of high standing, argue with much 
formal logic that the proper correction for white flour and 
bread is to use the whole grain. Why take the vitamins out 
and then add the synthetic articles? The number of these 
objectors in the United States is not large and is gradually 


diminishing. There is a larger proportion of them in 
Canada and a still larger one in England. 

If one were feeding dumb animals which are without 
means of effective protest, this might well be the answer. 
Humans, however, will normally eat what they like and 
raise hell if deprived of it. Ninety-eight per cent of the 
flour sold in the United States is white and substantial 
alteration of this fact will require many years and more 
persuasion than the nutritionists of the country can 
muster. 





In the United States about 75°, of the white bread | 


and family flour has been enriched for the past three years 
or more. This is excellent progress since the practice 
began in 1941. In Canada the use of long-extraction flour 
has been officially favoured, but according to the Canadian 
millers has actually been adopted to the extent of only 
about 7°. of the output. In England conservation of 
wheat was vital during the war on account of shortage of 





ocean tonnage. The millers and bakers were encouraged | 
first by appeal, and later by legal mandate, to make and to | 


use long extraction flour comprising 85°, of the grain 
instead of 72°.. The success of the authorities with this 
measure in wartime predisposes many English scientists 
to believe that it can be maintained in peace. However, 
that remains to be seen. The British have done an amaz- 
ingly good job of sustaining the nutritional adequacy of 
the dietary during the war. It has, however, been very 
monotonous and unattractive and still remains so. Dr. 
Tisdall of Toronto tells of the avidity with which English- 
men embarking for the United States during the war 
attacked the tasty white bread offered on shipboard. 

The complete category of vitamins of the B group is not 
yet commercially and cheaply available. Protest has been 
raised that the addition of thiamine, riboflavin, nicotinic 
acid and iron, misses some of the nutrients which whole 
wheat would supply. This is true, but do we fail to get 
adequate supplies of the other B vitamins from other 
foods? There are five deficiency diseases which have been 
known for centuries, have acquired household names in all 
languages, and are still found, at least in mild forms, 
among American populations in recent times. Is it not 
good sense to eradicate these diseases by the most expedi- 
tious means available, especially since deficiency diseases 
traceable to lack of the other vitamins are still unknown in 
a practical sense? If they appear later, we may have the 
means to master them. Let us cross one bridge at a time. 
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The fear has been expressed that fortification of staples 
with synthetics will lead to indiscriminate fortification or 
other sophistication of all our natural foods. This fear 
was foreseen by the Food and Nutrition Board of our 
National Research Council in 1941. In a carefully elabor- 
ated and much discussed resolution, it declared itself in 
favour of such additions only to those foods which are 
effective vehicles for distribution of a particular nutrient 
to a significant segment of the population. Specifically 
the following additions were endorsed and no other: 
vitamin A to oleomargarine, vitamin D to milk, iodine to 
salt and thiamine, riboflavin, nicotinic acid and iron to 
white bread, white flour and corn meal. 

Enrichment of white bread and flour can only be 
regarded as cheap insurance for substantially the entire 
American people against deficiencies of the nutrients 
added. It costs Americans about 20 cents per capita and is 
worth it though it, will not prevent cancer, falling hair or 
labour troubles. 

The need for such insurance is indicated by the wide- 
spread occurence in clinical practice of conditions which 
respond to vitamin therapy. Statistically there is a certain 
probability of these deficiency conditions affecting indi- 
viduals in every level of society but it is higher among low- 
income people. Daily dosing with vitamin tablets would 
not have become so prevalent if there were not something 
init. The truth lies somewhere between the panegyrics of 
the radio advertisers and the denunciations of vitamin pur- 
veyors by the iconoclasts. Vitamin tablets are harmless and 
we can Safely leave it to the public to decide how much 
benefit it derives and how much it is willing to pay for 
them. Many scientists use them and feel that they benefit 
by them. It is folly to assume blandly that human diets 
are Quite adequate without them. Manufacturers of animal 
feeds find it necessary to incorporate synthetics in order 
to get the best performances. Furthermore, let anyone 
who thinks his own diet quite adequate, try feeding it to 
rats. From my own experience he is almost certain to 
encounter failure of reproduction in the second or third 
generation. How many human mothers are capable of 
nursing their babies? If resort to the bottle were pro- 
hibited, how much rise in infant mortality would result? 
The wiseacres of nutrition today may put themselves in 
the position of those of a generation ago who asserted that 
calories, minerals and an assortment of amino acids con- 
stituted a complete diet. It is wiser to await further experi- 
ment and experience before adopting a negative attitude. 

Enrichment of corn (maize) meal is virtually unopposed 
because of the long past association of pellagra with corn 
diets. Corn, according to the latest evidence, is not only low 
in nicotinic acid, the antipellagra vitamin; it is also low in 
tryptophane which seems to be a precursor of nicotinic 
acid in the rat. According to Wooley, corn also contains 
an antivitamin, that is a substance similar to nicotinic acid, 
which competitively fakes its role in an enzyme system 
but cannot do its work. Corn enrichment is progressing 
very slowly in comparison with wheat, simply because a 
large part of the corn meal of our South where it is a staple, 
is produced by thousands of small mills. It will take a 
long time to educate all these millers. This constitutes an 
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excellent example of the fact that the organisation of a 
food industry determines the feasibility of a particular 
public health measure far more than do the cold scientific 
facts about nutritional needs. 

Beriberi is the oldest and most widespread of the deti- 
ciency diseases. It is particularly prevalent in the Orient 
where rice is the staple grain. There is a great deal of 
interest in the nutritional improvement of rice in the United 
States, largely as an outgrowth of bread and flour enrich- 
ment. Beriberi and white rice had become intimately asso- 
ciated in the popular mind. Under the impetus of the 
interest of the industry and without official pressure from 
government or nutrition organisations, a large fraction of 
the rice produced here is now being improved either by 
parboiling or by artificial enrichment. Parboiling is an 
ancient traditional practice in India, whereby rice is first 
soaked in hot water in the husk and then dried. This saves 
labour in hand-milling, but we now know also that during 
steeping the vitamins of the bran coats soak into the interior 
of the grain and under favourable circumstances are con- 
served to the extent of 50-75°¢ of the total. 

I have recently returned from China and the Philippines 
where large-scale experimental projects for the fortifica- 
tion of rice are being planned. A process such as parboiling 
which conserves the native vitamins seems the logical 
thing for the Orient but surprisingly it costs more than arti- 
ficial fortification and particularly requires a very much 
greater initial investment where the climate does not permit 
reliance on sun drying as in India. It seems quite feasible 
to introduce artificial fortification for Asiatic cities and 
more modernised areas in the next few years. Low per 
capita costs of the order of 25 cents per annum make it 
possible. The process is cheapened very much by highly 
fortifying 0:5°% of the grain and adding this ‘pre-mix’ to 
199 parts of ordinary white rice. 

In more remote areas where introduction of a modern 
Western process would be difficult, more primitive methods 
of milling tend to prevail and the bran is less completely 
removed. However, the use of primitive methods is 
steadily retreating. It has almost disappeared in the 
Philippines and in urbanised areas of China. Western 
rice-milling machinery predominates throughout the lower 
Yangtse valley. Use of under-milled or brown rice is 
already a dead letter in areas where white rice is available 
in competition. Mayor K. C. Wu of Shanghai is an 
ardent advocate of brown rice, but admits he has had no 
success in promoting its use. Reactions of rice eaters and 
those of wheat eaters reveal a remarkable parallelism. 

The resources of modern technology makes readily 
possible the universal satisfaction of man’s elemental needs 
for food if we can find means to effect reasonable distribu- 
tion rather than allow plenty and want to exist side by side 
This is the central theme of the Food and Agriculture 
Organisation of United Nations ably led by Sir John 
Boyd-Orr. At all events, | am happy at the prospect that 
synthetic vitamins may play a part in equalising the 
adequacy of food supply for mankind. In the long run the 
chemical factory will inevitably supplement the farm, as well 
as use the products of the farm, in averting Malthusian 
disaster to the race. 





Fig. 1.—The start of the operation. The 

Surgeon marks the point where the small burr- 

hole will be drilled, and accurate location is 

needed so that the association fibres of the 

brain may be severed without damaging any 
other part of the brain. 


Surgeon introduces the local 


anaesthetic to control haemorrhage. 


Leucotomy 


Most drastic and radical of all treatments aimed at 
the relief of mental disorder is the surgical operation 
called leucotomy. The aim of the operation, in 
simple but crude words, is “to break the connexion 





between the patient’s thoughts and his emotions”. 
**Leucotomy™ means a cutting of the white matter, or 
conducting fibres, of the brain. The technique 
depends on the breaking of the fibres which connect 
the frontal lobes of the brain and the thalamus. The 
Operation may be done on one side of the brain or 
on both—the latter is the more common. A lessening 


of emotional tension is the result hoped for. 
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Leucotomy was introduced by Egas Moniz who 
originated it in Lisbon in 1935. Since then it has 
been tried in many countries. The great majority 
of the thousand leucotomy operations analysed by 
Britain's Board of Control in its recent report relate 
to schizophrenic and manic-depressive cases. Over 
20 per cent of the patients in the first category who 
underwent the operation were discharged as either 
recovered or improved. For the other category the 
figure was of the order of 50 per cent. The report 
ends on a cautious note, however, by pointing out 
that the effect of leucotomy on personality cannot 
be deduced from the thousand cases that were 


studied. 
(Photographs by Norman K. Harrison) 


Fig. 6.—The surgeon introduces the brain 
needle through the dura into the brain. The 
angle of entry and the sweep which the needle 
makes to sever the association fibres has been 
carefully determined. This is the crucial point 
of the operation. The fibres offer little more 
resistance to the passage of the needle than 
butter does to a knife. 


Fig. 7.—The operation is completed and the 

patient's head has been bandaged. The 

anaesthetic apparatus will be disconnected 

and later the patient will be returned to the 

ward devoted to head cases and given special 
nursing attention. 





Fig. 3—The surgeon makes the skin incision on 
the spot previously marked. 


Fig. 4.—The surgeon drills the burr-hole to 
expose the membranes covering the. brain. 


Fig. 5.—The surgeon introducing the brain 
needle (leucotome) through the opening in the 
dura into the brain. 
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One of the most serious problems which the United Nations 
Organisation has to solve is the deadlock in the Atomic Energy 
Commission and Security Council over atomic energy control. A 
way out of the deadlock is presented in this article by Dr. E. A. 
Shils. The author, who is an American sociologist at present 
working at the London School of Economics, is an advisory 
editor of the world’s most important atomic journal, the Bulletin 
of the Atomic Scientists of Chicago. 


Atomic Energy Control: What Next? | 








E. A. SHILS 


On March 5, 1947, Mr. Gromyko told the United Nations 
Security Council that the Soviet Union was unable to 
accept the report of the United Nations Atomic Energy 
Commission because it would not tolerate the influence 
in its economic life which the Atomic Development 
Authority would have under the proposed Control Scheme. 
Thus after several fluctuations—in the course of which Mr. 
Gromyko rejected international control because it in- 
fringed on national sovereignty, Marshal Stalin agreed to 
the need for ‘strong international control’ and Mr. 
Molotov also agreed to it—Soviet policy has come back 
to the position which it occupied last August. During this 
period there have been two consistent and unchanging 
elements in Soviet policy. Firstly, the refusal to consider 
the abolition of the veto in the Security Council as it 
relates to sanctions against violations of an International 
Atomic Energy Control treaty. (On those occasions when 
the Soviet representative appeared to accept international 
control through operation and inspection, he also con- 
ceded the other half of Mr. Baruch’s demand for the pro- 
hibition of a veto on day-to-day. operations of ADA). 
Secondly, the Soviet representative has continuously 
insisted on atomic disarmament. 

It is now eighteen months since the first atomic bomb 
was dropped. Gradually, without dramatic announce- 
ment, the great powers of the earth swing into an atomic 
armament race. Right now a large part of the human race 
wilfully or unconsciously seeks to forget about the atomic 
bomb—-because immediate cares are too great to allow 
thought about more remote questions, or because the 
problems of preventing the bomb from ever being used 
are so complex and so difficult that only the bravest and 
most tenacious minds will think about it. Yet it has 
become more than ever necessary to think about atomic 
energy control; it is even more necessary to think about it 
than about Britain’s coal supply or the German settlement. 
ly there is no effective control on the atomic bomb, the 
situation will end in a war in which atomic weapons will 
be used. In such an eventuality the improved output of 
the British coalmines will be a sorry consolation for the 
mutual destruction of the Soviet Union and the United 
States and their satellites—and since an atomic bomb war 
would not only disturb the actually bombed areas but 
other parts of the world as well, Britain would inevitably 
become involved in it, even if Britain declared and, from 
the military point of view, preserved its neutrality. Nor will 
any German settlement, even the most promising if agreed 
on in Moscow offer a good prospect of settling Europe's 
troubles unless it is accompanied by effective international 
control of atomic weapons. It has often been said, and 


rightly said, that a good German settlement depends on the 
elimination of suspicion between Soviet Russia and the 
West. If suspicion continues and grows, then a reviving 
German nationalism will exploit these differences and, 
jockeying between the two powers, will ultimately restore 
itself and once more become a threat to peace. Further- 
more the intensification of the already very serious 
antagonism between the two powers—which would 
certainly result in consequence of an atomic armaments 
race—would only play into the hands of German politicians 
seeking to use the cleavage for their own ends. 


Atomic Armaments Race 


There is no international political problem of any 
importance which will not become insoluble if the use of 
the atomic bomb is not effectively prevented by a sound 
international control scheme. An atomic armaments race 

-already under way—will grow in intensity as the Soviet 
Union begins to recover its strength and it will deepen 
distrust among the nations—each nation will continuously 
suspect the other of being ready to release its bombs. 
In the United States there will be a polarisation of attitudes 
between the preventive war party and the appeasement 
party which will split the country so badly that reasonable 
political life will become impossible. The preventive 
war party, irrational though it is, is but drawing on pre- 
judice, and anxiety would be most likely to gain the upper 
hand. Already the apparent unwillingness of the Soviet 
Union to accept the control scheme is making harder the 
work of the strong force of scientists, politicians and 
ordinary citizens who prevailed on the U.S. Government 
to accept the Atomic Development Authority scheme. 
The Russian fear of attack by capitalist countries, already 
very large, will certainly grow without limit under such 
conditions. The chances of a conciliatory policy towards 
the West, the internal liberalisation of the Soviet regime 
which would be related to an increase in the proportion of 
the national income devoted civilian as against military 
goods, as well as to a reduction in the fear of attack from 
without—these and many other possibilities of hope for 
the world’s improvement would diminish to the point of 
disappearance. In Britain, the deepening animosities of 
the United States and the Soviet Union would violently 
split opinion in this country into two passionately and 
unbridgeably opposed parties. Among these who would 
say ‘a plague on both your houses’, a highly likely out- 
come would be a deadening sense of pessimism and 
impotence, a loss of interest in the future and growth of 
defeatism of unexampled measure. It could scarcely be 
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expected that the British Commonwealth would remain 
uninvolved—even if the United Kingdom were to declare 
its neutrality. Canada and probably Australia would 
gravitate to the American side—Canada is nearly in that 
position now—and the already difficult export position of 
Britain would necessarily become much worse. Nor would 
a declaration of neutrality of Western Europe and Great 
Britain prevent Britain and the Continent from being the 
scene of war once more, since atomic bomb strategy 
would probably involve Western Europe. 

All these predictions assume that an atomic armaments 
race must end in war. Would it? It is my view that it must, 
because the tension level in each country or in each 
country’s political ruling class would grow so strong that 
all capacity for rational compromise, concession and 
agreement would become impossible. Neither side would 
feel able to trust the other side even to the slightest degree 
and each would suffer so severely from anxiety lest the 
other attack first that there would be very great and ever- 
present temptations to attack first and get the whole 
terrible situation over with. It is, of course, true that an 
atomic war would be utterly irrational—but the frightful 
anxiety of an atomic armaments race would reduce the 
chances of rationality in policy to a negligible quantity— 
—and as we have such sad reason to know, statesmen and 
their supporting public opinion are not gifted with very 
much rationality in even much more favourable situations. 

There is only one way to avert this situation. That is 
by the speedv achievement of an effective system of 
international control. 

Can war be prevented by an international control 
arrangement of the type proposed by the United Nations 
Atomic Energy Commission, which Mr. Gromyko has 
just rejected? No, an effectively working Atomic Develop- 
ment Authority could not of itse/f prevent the emergence 
of a situation, unconnected with atomic energy, and in 
which the powers believe that war is the only way whereby 
they can achieve their ends. Atomic energy control cannot 
prevent the ultimate use of atomic bombs in a war if it 
does break out (although it could guarantee with reasonable 
certainty that atomic bombs would not be available for 
use in the early stages of a future war between large powers). 
Atomic energy control can, however, contribute some- 
thing indispensable to the maintenance of peace, without 
which there can be no peace. It can contribute a reliable 
sense of security and ultimately of mutual trust and con- 
idence among the powers that the other powers are not 
producing atomic bombs. 


Need for reliable “‘Danger Signals’ 


In the future the apprehension about the existence and 
extent of the atomic bomb stockpile of the other powers 
will be the most important unsettling element in interna- 
tional relations—if the bomb is left uncontrolled. As long 
as each power can be reasonably certain that the other 
powers do not have atomic bombs and are not producing 
them, this factor in the intensification of international 
suspicion and hostility will be neutralised. This is possible 
Only if there is a reliable system of “danger signals”’ pro- 
vided by an international control scheme. 

Nations will desist from making atomic bombs, not 
only if they know that there is an extremely high degree 
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of probability that they will become the victims of severe 
sanctions if they produce them contrary to the prohibitory 
treaty. (This factor is of some importance and will be 
dealt with shortly.) Of far greater importance in reducing, 
nearly to the point of elimination, the likelihood of 
clandestine atomic bomb production are (1) the reasonable 
certainty that other states do not possess and are not 
producing atomic bombs, and (2) the reasonable certainty 
that if one state (including itself) undertakes to produce 
atomic bombs clandestinely, it would be detected in a 
time short enough to enable the other powers to take meas- 
ures to prevent the evading state from deriving any signi- 
ficant advantage from its evasion. This is what the Lili- 
enthal-Baruch proposals term “danger signals’ and what 
the Atomic Development Authority by the world survey of 
materials, its operation of mines, its conduct of “unsafe” 
operations and its systematic inspection of “‘safe’’ opera- 
tions could provide. In such a becalmed atmosphere 
rationality could function and solidarity develop. 


Russian Fears 


But can such a scheme be adopted by the great powers? 
The United States Government has already put the scheme 
forward and it has been supported by the British Govern- 
ment and eight other members of the Atomic Energy 
Commission of the United Nations. Thus far the Soviet 
Union has refused to accept it for a variety of reasons, 
some of which are constant, others of which fluctuate. 
The Russians have always and persistently opposed the 
Baruch-Austin proposal for abolishing the veto on 
sanctions in the Security Council. Although the Russians 
and Americans agree about the necessity for prohibiting 
atomic bombs the Russians have feared that the United 
States will retain its monopoly too long before a// atomic 
bombs are finally destroyed according to the implied timing 
scheme of the Baruch-Austin proposals. The Russians 
have opposed infringements on their national sovereignty; 
they have opposed free movement and reporting by 
foreigners on their territory, and most recently they have 
declared that they would not allow a foreign economic 
enterprise to operate on their soil. They have also indicated, 
though less explicitly, that they believe the atomic bomb 
to be merely a bluff put up by an ambitious and bellicose 
capitalist power intent on bullying other powers into sub- 
mission by over-exaggeration of the bomb’s effectiveness. 
In general on all issues except their loyalty to the principle 
of the veto on sanctions in the Security Council the 
Russians have shown a lack of awareness* of the extreme 
nature of the atomic bomb and a consequent unwillingness 
to recognise that very unconventional measures must be 
taken to prevent its use. 

It is absolutely essential that good use be made of the 
present situation in which there is, due to the temporary 
inequalities in power among the great states and the fresh 
memories of the recent war, little chance of a new war in 
the very near future. The establishment of the Atomic 
Development Authority requires a basic min'mum of 
mutual confidence to get under way, and this is sure to be 


* See, for example, the article on Hiroshima and Nagasaki in 
New Times, January 16, 1947; great emphasis is put upon the fact 
that a slit trench gives protection against atomic bombs, and that a 
Nagasaki newspaper came out two days after the bomb fell. 








116 


lacking as soon as the powers begin seriously to anticipate 
another war. 

There is another more pressing reason for introducing 
a greater sense of urgency into our efforts to persuade the 
Russians and Americans to iron out their differences. 
Unless the Atomic Development Authority is established 
in the very near future, it will not be able to provide more 
than a fictitious sense of security at best. The reasons for 
this are: effective international control necessarily involves 
an effective control of the raw materials. Once the minerals 
are extracted from the earth, the processing and the pro- 
duction of fissionable substances and the fabrication of 
bombs can be carried on with a fair chance of escaping 
detection. To detect industrial evasions without control 
of the raw materials and fissionable substances at the 
sources would entail an extraordinarily laborious and 
personnel-consuming operation.* The control of mining 
is on the other hand, relatively easy thanks to the use of 
aerial survey methods. Establishment of operational con- 
trol of the mines so discovered would, it is true, involve 
infringement of national sovereignty; it would not however 
involve the degree of infringement that would come from 
periodical examination of all large industrial plants which 
would be necessary in the absence of control of raw 
materials at the source. Once the control is established 
at the source, then the destination and subsequent use of 
the raw material is easily subjected to effective surveillance. 
But if several more years elapse before a control is estab- 
lished, then large quantities of the raw materials will have 
been mined. Then even if a control scheme is established, 
there will rightly be no sense of security as to their having 
all been turned over to the belatedly born ADA. Unfor- 
tunately this situation exists in part already in the fact 
that the United States is going on with production without 
international control. The prolongation of the situation 
greatly aggravates this serious difficulty and the longer it 
goes on, the less ground will there be for trust in the 
United States as well. It would be much more easy under 
those conditions to conduct clandestine industrial and 
bomb-producing operations and to escape detection for a 
sufficiently long time to place a genuine premium on 
evasion of the agreement. Since the effectiveness of control 
depends on the reliability of the ‘danger signal’ system, 
and since the danger signal system would be unreliable if 
introduced too long after independent operations have been 
going on, tensions would not be reduced. Each power 
would try to evade and soon the whole affair would break 
up into an electrically charged pre-war crisis of the most 
unstable sort. 

What must be done to hasten the speedy establishment 
of the ADA.? The United States must make considerable 
concessions concerning its insistence on the prohibition 
of the veto on sanctions. It is true that the inevitability of 
sanctions against violations would render evasion less 
probable, but the vote in the Security Council for sanctions 
against a violating great power will be inevitable only if 
the minds of the rulers and the citizens of the respective 
countries are clear as to the dangers of leaving the violator 
unpunished and are decisive as to their actions. If they 
possess this clarity and decisiveness of mind, then they 

* The use of espionage, seriously suggested in some quarters, 


would certainly be contrary to the spirit necessary for an interna- 
tional control scheme to work well. 
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would act with or without formally voted sanctions, inside 
or outside the Security Council, once they saw the clear 
evidence of an evasion which threatened an eventual 
atomic bomb war. If they are not clear and decisive in 
mind, then the sanctions would not be inevitable even if the 
veto against sanctions is abolished in the Security Council. 
They would have to vote, they would be muddled and 
subject to bullying and cajoling, etc. The abolition of 
the veto would be no infallible safeguard. Indeed as 
compared with the significance of reliable ‘danger 
signals’ resulting from a working control system, its 
additional merits would be slight even though real. More- 
over, though it would have some definite additional value, 
the refusal to allow the Soviet Union to retain it will 
ultimately be self-defeating. Continued insistence on its 
prohibition might well prevent us from getting them to 
accept the far more important principle of international 
control through ADA operations inspection. 

Furthermore it appears reasonable for the Soviet Union 
to dislike a continuing situation in which the United States 
preserves it bomb monopoly while no one else ts allowed 
to have bombs—and it is also reasonable for the United 
States to insist on retaining its bomb stockpile until it is 
assured that no one else possesses or produces bombs. 
The way out of this dilemma appears to be not through 
Mr. Gromyko’s proposal that the United States destroy 
its bomb stockpile before feasible methods of control are 
examined, but through a telescoping of the timing phases 
which were suggested in the American proposals. This 
would reduce the period of the American monopoly and 
the Russian anxiety thereon while giving the Americans 
the safeguards on which they insist. Thus for example: the 
United States should discontinue making bombs as soon as 
an agreement is signed and ratified by the major powers, 
perhaps even sooner; a world survey of mineral resources 
should begin immediately upon signature and ratification. 
ADA control and inspection of American mineral re- 
sources should begin simultaneously. And at the same 
time ADA personnel should begin to construct atomic 
energy installations outside the United States. ADA 
inspection of American atomic energy installations should 
also begin at the same time. If the realisation of the scheme 
is not accompanied by the usual stalling and delaying 
tactics, then with the adequate collaboration of engineers 
and scientists in providing their services, the final stage 
might be reached in three or four years or less, and then 
the United States, having previously consigned its bomb 
stockpile and atomic bomb plant to the custody of the 
ADA within American territory, would dismantle its 
bombs and atomic bomb plant. (These proposals for 
telescoping are tentative and are intended only for illus- 
tration purposes—the task of working out the telescoping 
of the stages should be taken in hand by the Atomic 
Scientists Associations in Britain and America.) 

There is, however, one matter on which there can be no 
compromises: the ADA must come into existence swiftly 
and have at least the powers envisaged for it by the 
Lilienthal Report. Anything less will render the benefits 
of control illusory. 

These views must be conveyed to the highest authorities 
in the Soviet Union. The inconsistency and irresponsible 
firmness of Mr. Gromyko, the occasional oracular and 
benevolent remarks of Marshal Stalin and the speech in 
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the UN Assembly by Mr. Molotov, the curious behaviour of 
the Soviet scientists who attended the sessions of the 
UN Atomic Energy Commission and the attitudes mani- 
fested in the Soviet press, give reasons for thinking that 
the highest authorities in the Soviet Union do not appre- 
ciate the significance of the atomic bomb. It was injurious 
to their self-esteem that they did not produce it first, it was 
a rival to their claims to have been crucial in the defeat 
of Japan, it was interpreted by them as a diplomatic 
bullying wWeapon—on these and many other accounts it 
has probably been difficult for them to admit its fantastic 
destructive power and the utter and final danger of leaving 
it uncontrolled—or controlled only by ‘solemn pledges’. 
Furthermore we should note the widely recognised fact 
that the Soviet intelligence services about public opinion 
and political trends in foreign countries suffer from the 
fear of the subordinates that they might report to their 
superiors which ts not in accord with the superiors’ doctrinal 
expectations and which would, therefore, be displeasing. 
Since many Soviet diplomatic representatives exhibit the 
same tendency to communicate from their superiors to 
foreigners but to assimilate and communicate nothing in 
the other direction, it begins to appear that our last hope 
for persuading the Soviet Government that the atomic 
bomb must be subjected to effective international control 
on ADA lines is to leave the upper middle level of the 
Soviet diplomatic representation and to go directly to the 
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higher Soviet policy makers. There must be a meeting of 
Stalin, Molotov, Bevin, Truman and Marshall, and their 
various aides and co-responsibles. At this meeting in 
addition to the proposal of the above concessions by the 
Americans, the most strenuous and patient efforts must be 
made by the American and British spokesmen to persuade 
those who make Soviet policy that it is to the long-term 
interest of the Soviet Union as well as of the rest of man- 
kind to recognise and cope with the atomic bomb. It 
must be made clear to them that industrially the Soviet 
Union stands to gain and not to lose from ADA* and that 
the alternative to an effective ADA is the ultimate and 
inevitable driving of mankind against its own will into 
another war very much more destructive than the last 
and into the ruination of all civilised existence. 

The Foreign Secretaries are already in Moscow. The 
Soviet Premier, the British Prime Minister, the American 
President must join them: a large place in the agenda must 
be found for the atomic bomb and a settlement arrived at. 

* The control of ADA over the economic life of the Soviet Union. 
which Mr. Gromyko assailed, would not necessarily be large. The 
Soviet Union could use in any way it chose the power produced by 
ADA plants. The amount of power which it could obtain from 
ADA would depend partly on a quota system, which could be based 
on the needs, standard of living, population and other available 
resources of each country, and the Soviet Union accordingly might 
well benefit from such a quota. Furthermore, if ADA came into 


operation, the Russians would benefit by the skill and know-how of 
American engineers in ADA employ. 
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Fic. 1.—This fluke (Bucephalus polymorphus), which parasitises pike and perch, has a remarkable 
life history. These sketches are of the adult fluke. A is a typical specimen seen from the under- 
side. B, the front end of the animal showing the extended tentacles. C is a mature specimen in 


side view. 


D, the front end of C showing the tentacles partly retracted. (After Nagatv.) 


A Unique Fluke 





For purposes of classification the animal kingdom is 
divided into several major groups called phyla which differ 
widely in structure and complexity of organisation. These 
phyla are in turn subdivided into classes, the classes into 
orders, the orders into families and so on. Finally, we 
get down to species, the members of each species being so 
alike that they interbreed successfully. Even then, we are 
often able to distinguish races within a species, and some- 
times individuals within a race. It is a picture of almost 
endless diversity. Yet, in studying the ways in which 
animals live, we encounter broad similarities which cut 
clean across the frontiers of taxonomy. Some animals 
swim in the sea, others move over land: some animals 
float wherever the current takes them, others attach them- 
selves to rocks. One of these broad ways of life, whose 
followers are drawn from nearly every major group in the 
animal kingdom, is that of parasitism. The parasite battens 
on the tissues of its host, deriving nourishment and pro- 
tection and often causing great mischief to its host. 
Although they may develop specialised organs such as 
suckers or hooks, most parasites show degenerate features 
and are lacking in many attributes possessed by their 
nearest free-living relatives. In an extreme instance, a 
parasite may be little more than a mass of absorptive tissue 
nourishing a set of reproductive organs. 

Yet, despite the sheltered ease of their adult lives, para- 
sites are faced with problems peculiarly their own. In 
general, a given parasite is specific to a given host. When 
the individual host dies, its parasites die with it. The host 
ensures the continuity of its species by breeding. The 
parasite must do the same, but it must also ensure that 


its own offspring gain access to the young of the host 
species. Some parasites are able to do this by simple 
means; others, such as the malaria parasite, embark upon 
a complicated life-history involving a second or inter- 
mediate host, the mosquito in the case of the malaria 
parasite. 

The most complicated life-histories of all are found 
among members of a large group of animals called trema- 
todes or flukes, all of whom are parasitic. This fascinating 
group is the subject of a recently published book* which 
admirably summarises the present state of knowledge and 
will, no doubt, become the standard work of reference in 
this country. 

Perhaps the best known of these extraordinary life- 
histories is that of the common liver-fluke, Fasciola hepa- 
tica, which causes liver-rot in sheep pastured on water 
meadows and in other places where water-snails in which 
the fluke passes a phase of its life cycle are abundant. 

But there are other flukes with life-histories even more 
complex and bizarre. One whose life-history merits these 
adjectives is Bucephalus polvmorphus, a fluke found in the 
intestines of predatory fish such as pike and perch. (Fig. |.) 
There is nothing very unusual about the adult stage of this 
parasite; it has two suckers, one at the front end and the 
other on the underside, and the front sucker is encircled 
by a ring of six or seven tentacles that can be extended or 
retracted. It possesses reproductive organs of both sexes 
and is capable of self-fertilisation—a feature commonly 

* The Trematoda, with special reference to British and other 
European forms, by Ben Dawes, Cambridge University Press, 1946. 
52s. 6d. 


~ res 


ane 








DISCO 


found it 
are sma 
The \ 
which a 
by a Ca 
The egg 
where t 
as a Ml 
lashing 
This act 
freshwa 
bores Ir 
degener 
These c 
tissues ¢ 
(a host 
nally he 
tually h 
is knOW 
After 
cyst bec 
to an © 
the spo 
organis! 
ates In ¢ 
organ oO 
the sam 
the tail | 
projecti 
The cer 
through 
Water, W 
Bucephe 
life-hist 
The b 
among 
interestt 
provides 
Some 
bottom, 
folded u 
arms, a 
density t 
water. 
the dens 
more an 
When it 
so that t 
film. Th 
at the st 
by smal 
lo a SWI 
Caria me 
density. 
This is 
is capabl 
up and 
activity | 
contact \ 
a rudd, « 
that the - 
larva or 
the tail 








of the host 
; by simple 
nbark upon 
id or inter- 
the malaria 


| are found 
alled trema- 
; fascinating 
ook* which 
ywledge and 
reference in 


‘dinary life- 
isciola hepa- 
d on water 
ils in which 
uundant. 

s even more 
merits these 
ound in the 
ch. (Fig. 1.) 
stage of this 
end and the 
is encircled 
extended or 
f both sexes 
- commonly 


ish and other 
ty Press, 1946. 





NINA de mee 








DISCOVERY April, 1947 


found in parasites where the chances of cross-fertilisation 
are small. 

The very numerous, golden-yellow eggs of Bucephalus, 
which are laid in the intestine of the pike, are surrounded 
by a case which is resistant to the pike’s digestive juices. 
The eggs pass down the fish’s gut and out into the water, 
where the case bursts open to liberate a tiny larva known 
as a miracidium. This propels itself through the water by 
lashing the minute, hair-like cilia which cover its surface. 
This activity is directed to a single end—the finding of a 
freshwater mussel. Having found a mussel, the little larva 
bores into the tissues of the mussel and then proceeds to 
degenerate until it is nothing more than a ball of cells. 
These cells multiply, deriving their nourishment from the 
tissues Of the mussel, the parasite’s first intermediate host 
(a host intermediate, that is, between the pike that origi- 
nally harboured the parasite and the pike that will even- 
tually harbour the parasite’s offspring). This ball of cells 
is KNOWN as a sporocyst. 

After some time a number of the cells within the sporo- 
cyst become active and begin to specialise. They give rise 
to an organism which bears little resemblance to either 
the sporocyst or to the fluke. Called a cercaria, this 
organism has a small slightly pointed body which termin- 
ates in a short tail. In many species of flukes the cercaria’s 
organ of propulsion is the tail, the cercaria swimming in 
the same sort of way as a tadpole does. But in Bucephalus 
the tail loses its importance to a pair of relatively enormous 
projections or arms (technically known as furcal rami). 
The cercaria breaks out of the sporocyst and bores its way 
through the tissues of the mussel until it reaches open 
water, Where it embarks upon a free-living existence. Thus 
Bucephalus reaches the second free larval stage in its 
life-history. (Fig. 2.) 

The behaviour of the cercaria makes Bucephalus unique 
among flukes: this cercaria is indeed one of the most 
interesting of all planktonic organisms and _ incidentally 
provides a beautiful example of Archimedes’ Principle. 

Sometimes the cercaria may be found resting on the 
bottom, right side up, with the two arms contracted and 
folded up around the body. In order to rise it expands the 
arms, and, increasing its volume, decreases its overall 
density to a figure slightly less than that of the surrounding 
water. As it rises it turns upside down, the body, being 
the densest part, hanging downwards. The arms become 
more and more extended as the larva nears the surface. 
When it gets there the tips of the arms turn out horizontally 
so that the larva literally hangs suspended from the surface 
film. The arms assist in the ascent by rhythmic pulsations: 
at the surface they counteract any slight tendency to sink 
by small contractions. (One scientist likens this process 
to a swimmer treading water.) In order to sink, the cer- 
caria merely contracts the arms, thus increasing the overall 
density. 

This is the only controlled motion of which the cercaria 
is capable, and it spends the whole of its brief life moving 
up and down in this strange manner. Once again this 
activity is directed to a single end—the establishment of 
contact with a small fish of the family Cyprinidae, such as 
arudd, dace, bleak or silver bream. It has been suggested 
that the fish is attracted by the rhythmic movement of the 
larva or by the ‘odour’ of a sticky secretion produced on 
the tail between the arms. Whatever the reason, the 
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Fic.2—The cercaria larva which emulates the Cartesian 

Diver. A, the larva at rest on the bottom. B, C. D, 

these sketches show successive stages in the larva’s 

ascent towards the surface of the water. E, the larva 
is beginning slowly to sink again. 

(After Wesenburg-Lund) 


cercaria attaches itself to the rudd by means of this sticky 
substance, bores beneath the skin, and secretes a shell or 
cyst around itself. Within the cyst the larva undergoes 
changes, assuming some of the characters of the adult 
fluke. This modified cercaria (a metacercaria) remains 
quiescent in the tissues of this second intermediate host 
until the rudd, dace or bleak is attacked and eaten by a 
pike. The cyst, liberated by the processes of digestion, is 
itself dissolved by the digestive juices of the pike. The 
larva emerges and attaches itself to the wall of the pike’s 
intestine by means of a sucker and there undergoes the few 
changes necessary to convert it into a young adult. Draw- 
ing its nourishment from the tissues of the primary host, 
the fluke grows and becomes sexually mature. And from 
this point the whole extraordinary story repeats itself—a 
zoological illustration of the proverb about the longest way 
round proving the shortest way home. R.P.H. 

















Fic. 1. 


Count Rumford was many years ahead of his period, and a number of his ideas on fuel 


economy have only recently been brought into general practice. Here is a perspective view of a 
large cooking range he designed; it shows some pans with insulated lids in position. The fuel 
doors are closed with plugs, and ash holes can be seen. See also Figs. 2-§. 


The 


Eighteenth Century’s Fuel Efficiency Expert 





A. D. CUMMINGS, M.Sc., 


Count Rumford, Benjamin Thompson, is remembered 
today chiefly as the founder of the Royal Institution. 
Like other investigators of his time, he had wide interests; 
he wrote on naval architecture and on the correct way of 
making coffee, for instance, in addition to many lengthy 
papers on heat. Probably his most important work was 
a twenty-page essay, embedded in four volumes of pub- 
lished researches, on **An Experimental Enquiry concerning 
the Heat which is excited by Friction’, a paper which he 
read to the Royal Society in 1798. This concerns the first 
rough attempt to measure the mechanical equivalent of 
heat and shows that Rumford realised the interchange- 
ability of work and heat. 

In these days of fuel economy, special interest attaches 
to his ideas on the conservation of fuel which was a subject 
very dear to him. His attempts to measure the efficiency 
of its use were practical and must be among the first of 
such measurements. In spite of the progress that has 
been made since his day, it is a sobering reflection that he 
estimated the waste of fuel at about 88°,, not very much 
higher than the figure of 82°, given by a modern expert, 
Mr. Oliver Lyle. Rumford thought a pound of coal 


should evaporate seven pounds of water, if properly burnt, 
and no one would think this a very poor figure now. 
Before describing some of Rumford’s ideas it is worth 


F.lnst. Fuel 


while recalling some of the highlights of his very interesting 
career. 

Rumford came to England from America in 1775, at the 
outbreak of the War of Independence. Then aged twenty- 
two, he was a political refugee, for he had quarrelled with 
his rebellious countrymen and had chosen the unpopular 
part of a loyalist to the English throne. Before leaving he 
wrote to his father-in-law: “I hope soon to be out of the 
reach of my Cruel Persecutors, for | am determined to 
seek for that Peace and Protection in foreign lands which is 
deny 'd me in my native country. . . . I realise the poverty 
and wretchedness that must attend my pilgrimage in 
unknown lands, but these ever appear to me more toler- 
able than the treatment I meet with from the hands of 
mine ungrateful countrymen.’ Whatever his forebodings 
about his reception in England, he was appointed almost 
immediately on his arrival to the American department 
of the Colonial Office. Here he speedily won the confidence 
and favour of his chief, Lord George Germaine, probably 
by steering a middle course between those advisers who 
knew the American side well and thought resistance to 
the colonists almost hopeless, and those who did not know 
the true situation and talked of crushing the rebellion in 
no time. 

Six years later England had lost the war and Lord 
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Fic. 2.—Front view. The air-regulating plates covering the ash holes can be seen. Fic. 3—shows separate 
flues from each fire-place to the chimney, three flues on the left go first to a large water-heating boiler. 


Concave barred grates can be seen in position. 


Fic. 4.—Range in section. Cooking pots in position. 


Fic. 5.—Plan view of top and section of chimney. 


Germaine and his protege went out of office. Rumford 
returned to America to command American troops still 
loyal to England and saw some fighting against his 
victorious fellow-countrymen, returning to this country 
at the final evacuation in 1783. 

In England there was little to attract Rumford and he 
left almost immediately for the Continent, his intention being 
to seek employment as a soldier in the service of the 
Austrians against the Turks. On his way out, he met 
Prince Maximilian, nephew of the Elector of Bavaria, 
who was so impressed with his military knowledge that he 
sent Rumford to his uncle. In Munich he met the Elector, 
who was no less impressed and gave Rumford an appoint- 
ment. In a short time he became Minister of War, 
Minister of Police and Chamberlain to the Elector. He 
spent nine years in Bavaria and seems to have shown 
himself to be an organiser of considerable merit. He re- 
formed the army, dealt successfully with pauperism by 
collecting all the beggars and putting them to work in 
well-run ‘Houses of Industry’, drained marshes and laid 
Out public gardens. 

He returned to England in 1795 and spent some time 
giving advice on heating and cooking in hospitals and 


workhouses, as well as on improving fire-places in the 
houses of his friends, who included Sir Joseph Banks, 
President of the Royal Society, Lord Palmerston and the 
Earl of Bessborough. He took out no patent for these 
ideas; his schemes would benefit the public, and he wanted 
no financial reward—even when he visited the Carron 
Company in Scotland to advise them on the manufacture 
of fire-places. 

He was recalled to Munich, which was threatened by 
French and Austrian forces then at war. In the absence of 
the Elector, who had fled, Rumford took charge of the 
Situation and successfully defended the city. After this, 
the Elector sent Rumford to London as his representative 
in England but George III refused to accept Rumford in 
this capacity as he was technically a British subject. This 
disappointment prompted Rumford toconsider returning to 
America, and it says much for his reputation that American 
friends were able to secure for him an offer of an inspector- 
ship of artillery and superintendentship of a military 
academy—this to a man who had taken the English side 
in the war! He refused this offer and remained in England, 
publishing in 1798 his second essays, dealing with the 
management of fire, the conduction of heat and the famous 
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-Rumford’s Continuous Lime-kiln. The kiln 
is 15 ft. high, the inside diameter 2 ft. tapering to 9 in. 
The walls are double, the space between being filled 
with dry wood-ash as insulation. Fuel is added at a, 
and entry of air is controlled by hinged lid. Combus- 
tion passes downwards. The grate is of tiles set on 
edge. A small amount of air is admitted at 5, a 
cleaning door, to burn the volatiles. C is kept closed 
except to remove ash. Burnt lime is removed by 
door d. Fresh limestone is added at the top. A small 
amount of air is allowed to enter by d to cool off the 
lime and transfer heat to the limestone being burned. 


FIG. 6. 


cannon-boring experiment. He was at the same time 
making plans for the foundation of the Royal Institution, 
which was to be the means of bringing together philoso- 
phers and manufacturers in partnership in order to apply 
the new scientific knowledge to the betterment of everyday 
life. It was to be a combination of an instruction and 
research centre, together with a museum of applied 
science. He proposed that the Institution should house 
models of all useful contrivances and such items as 
“cottage fire-places and kitchen utensils; kitchens for 
farmhouses and for the houses of gentlemen; a laundry, 
including boilers, washing, drying and ironing rooms: 
German, Swedish and Russian stoves; open chimney 
fire-places, with ornamental grates; ornamental stoves; 
working models of the steam engine; brewers’ boilers; 
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lime-kilns, spinning wheels, looms, agricultural imple. 
ments, bridges of various constructions, human food, 
clothing, houses, towns, fortresses, harbours, roads, canals, 
carriages, ships, tools, weapons, etc.”’ As can be judged 
from this list, the scheme was an ambitious one. But 
unfortunately Rumford was too much of an autocrat to 





collaborate well with his fellow managers. In spite ofa | 


brilliant opening, the Institution never achieved the 
union of pure and applied science that its founder desired 
and, after some bickering, Rumford left England in 1803 
rather out of temper, and did not return. His hopes for 
the Institution in the realms of pure science were fulfilled 
by the work of Davy and Faraday, but his more practical 
intentions had to wait until the twentieth century to reach 
achievement in the organisation of such bodies as the 
Department of Scientific and Industrial Research. 
Rumford now settled in Paris, where he met and later 
married Lavoisier’s widow. But both he and Madame 
Lavoisier were too independent to agree for long and 
moreover her salon interfered with his scientific researches. 
After a year or two they separated. He remained in Paris, 
living a retired life with his American daughter. He gave 
up his investigations and spent his last years tending his 
garden and playing billiards against himself, a rather 
solitary end for one who had been a public figure in three 
capitals and who had seen such a busy and useful life. 


Economy of Fuel 


The first volume of Rumford’s Essays, Political, Eco- 
nomical and Philosophical, appeared in 1796. Dedicated 
to his patron, the Elector of Bavaria, this volume deals 
with work-houses, feeding the poor, and fire-places. The 
essay which has topical interest in this period of fuel 
shortage is the sixth in the book and is entitled “‘Of the 
Management of Fire and the Economy of Fuel’’; it begins 
with these words: “No subject of philosophical inquiry 
is more calculated to excite admiration and to awaken 
curiosity than FIRE and there is certainly none more 
extensively useful to mankind. Almost every comfort 
and convenience which man by his ingenuity procures for 
himself is obtained by its assistance and he is not more 
distinguished from the brute creation by the use of speech 
than by his power over that wonderful agent.’ He is con- 
cerned to note the great waste of fuel in all countries: 
‘From my inquiries, I have been led to conclude that not 
less than seven-eighths of the heat generated or which with 
proper management might be generated, from the fuel, is 
carried up into the atmosphere with the smoke and totally 
lost.” 

He was unable to give exact figures for the efficiency of 
heating operations because the quantity of heat which a 
fuel is capable of generating was not exactly known. 
Rumford himself made some determinations of the calo- 
rific value of wood later, but at the time of this essay he 
tried to find the least quantity of fuel by which an opera- 
tion could be performed. ‘“‘There is no fixed standard with 
which the result of an experiment can be compared in 
order to ascertain exactly the proportion of heat saved 
to that lost. Instead of determining the heat lost, I en- 
deavoured to find out with how much less fuel the same 
operation might be performed by a more advantageous 
arrangement of the fire and disposition of the machinery.” 
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He seeks to arrest his reader’s attention at the outset with 
a simple experiment. He first boiled a quantity of water 
in a closed fire-place in his Military Academy; then he 
removed the boiler to a private house and had the gentle- 
man’s cook boil the same quantity on a tripod with an 
open fire, with these results: 





At Baron Schwach- 
At the Academy S 








heim 's 
7 Wood Wood 
Time consumed Time consumed 
To make the water boil 61 mins. 11 Ib. 91 mins. 45 lb. 
To keep it boing 120 mins. 23 1b. 120 mins. 174 Ib. 
TOTAL “181 mins. 134 1b. 211 mins. 624 Ib. 





He says of this ‘in a closed fire-place the proper place 
for the fuel cannot be mistaken, ignorance can never be 
productive of any great waste of fuel”. 

The following passages show how well Rumford under- 
stood the process of combustion: 


“Though I do not undertake to determine what Heat really 
is, I shall speak of it as being generated, confined, directed, 
dispersed, etc. 

“Sensible from the beginning of the importance of being 
absolutely master of the air which is admitted into a fire-place to 
feed the fire, so as to admit more or less at pleasure, or to exclude 
it entirely, I took care in all my fire-places to close very exactly 
the passage into the ash-pit by a door carefully fitted to its 
frame, the air being admitted by a semi-circular opening 
furnished with a register in the middle of the door” (by this he 
means a movable plate pivoted at its centre, as shown by 
his illustrations). 

“It is probable that the heat produced is furnished not merely 
by the Fuel, but in a great measure by the air by which the fire 
is fed and supported. Blowing a fire, when the current of air is 
properly directed, serves-to accelerate the combustion and 
increase the heat, but when the blast is improperly directed, it 
will serve to derange and to impede the combustion rather than 
to forward it. . By furnishing the fire on all sides by a wall, 
the cold atmosphere is prevented from rushing laterally from all 
quarters to supply the place of the heated air which rises from 
the fire, and this causes the current of air below to be very 
strong, but it should be so contrived that the combustion can be 
accelerated or retarded. This may be done by a register (as 
described). 

‘As only that part of the air which, entering the furnace in a 
proper manner and in a just quantity and coming into actual 
contact with the burning fuel, is decomposed, contributes to 
the generation of heat; it is evident that all the air that finds its 
way into the fire-place and out again without being decomposed, 
is a thief—that it not only contributes nothing to the heat but 
being itself heated at the expense of the Fire and going off hot into 
the atmosphere by the chimney, occasions an actual loss of heat 
which is often very considerable. 

“The heat manifests itself in two ways, in the hot vapours 
which arise from the Fire which may be said to be combined, 
and in the caloric rays which are thrown off from the fire in all 
directions. These rays are capable of generating heat . . . and 
resemble the rays of the sun. What proportion of this radiant 
heat (if I may be allowed to use so inaccurate an expression) 
bears to that which goes off from burning bodies as smoke is 
not exactly known but it is much too considerable to be 
neglected.” 


All his trials were made with wood fires with which he 
heated to boiling-point pans of water, ranging in size from a 
few gallons to large brewing pans. His method of assessing 
the value of one arrangement in comparision with another 
was in the amount of water that could be heated by unit 
weight of fuel, and in all cases he reduced his measure- 
ments to the common basis of the number of pounds of 
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Fic. 7.—Benjamin Thompson, Count Rumford (from 
a medallion by Tassie, 1796). 


water heated from freezing-point to boiling-point (cor- 
rected to sea-level), per pound of wood used. This was 
a fairly exact method for his day, and considering the 
means at his disposal was well contrived to show the 
superiority of one method over another. “The more 
pounds of ice-cold water that can be made to boil,” he says, 
“the more perfect must be the construction of the fire- 
place.” 

Each of his experiments was recorded on a sheet with 
printed headings showing the time taken, the fuel used, 
quantity of water, temperature and pressure and details 
of the fire-place construction. Then comes the ‘general 
result’ of the experiment, and finally the ‘precise result-— 
the number of pounds of water heated from 32°F. to 
212 F. He gives a series of results with boiler fire-places 
in two institutions under his charge in Munich. After a 
number of trials in which the number of pounds of water 
gradually increases, he reaches a figure of 20-1 Ib. per 
lb. of fuel and this, he says, is the highest figure he 
reached. (If we take 8000 British Thermal Units per Ib. 
as the calorific value of wood, we find his figure corre- 
sponds to an efficiency of 45°,.) Unfortunately he does not 
give details of the alterations made to get the improved 
results. 

He then goes on to larger experiments in a brewery boiler. 
Of these he says he had assumed—‘‘too rashly’’—that 
the larger the boiler, the greater the fuel economy possible, 
but this was not found to be so. However, since the 
operation of brewing had to be carried out in one day 
there was an advantage to be gained in making the water 

Cont. on p. 128 











The New Gamow Book 





Following up the experiment tried in our 
last issue of giving two reviews, one ‘lav’ 
and the other ‘specialist, of a popular 
science book, we publish this month a 
double review of Gamow’s latest book, 
**Atomic Energy in Cosmic and Human 
Life’’. 


The Lay Critique 
THE title is straightforward enough, and 
the flower on the dust jacket suitably 
intriguing—even if its significance escapes 
one even after reading the book. It is to 
be hoped that they will, respectively, lead 
the seeker after knowledge and the merely 
curious to read this short thriller. For 
that is what it is, at any rate to the layman 
who needs to be told quite clearly about 
the implications of modern alchemy and 
the wonders of the universe it can unfold. 
With an almost poetic—but never 
pompous—sweep, Professor Gamow puts 
atomic power into its true perspective, 
ranging from the unimaginably small 
particles to the unimaginably large forces 
that make up our exploded universe of 
nuclear fluid. Once this thriller gets its 
grip on you, atomic implications no longer 
stop at Los Alamos or even Hiroshima. 
This is the simply, even humorously, told 
Story of ultimate things: of those fringes 
of ultimate mysteries that man has so far 
been able to glimpse. For the layman 
grasping these matters for the first time 
it iS a Strange thought that the actino- 
uranium with which man may yet wipe 
himself out has not only been to hand, 
SO to speak, since the dawn of time, but 
is in fact the last naturally occurring 
member of a decaying family of fissionable 
elements with which the mischief may be 
done. Stranger still, the bones of the 
already decayed may be recreated from 
this last member. As in all considerations 
of atomic power, of course, the author 
points out that it does not necessarily 
mean mischief: it may be the way to 
space travel (he outlines what sounds a 
Strangely fanciful method of ‘jet’ pro- 
pulsion by alpha-particles, emitted from 


a gaunt, umbrella-like affair) and, in any 


case, it will provide everyday power, 
perhaps stored in something akin to 
accumulators. 


That, then, is the flavour of this thriller 
to the general, non-expert reader. How 
does Dr. Gamow achieve his effect? The 
answer is that he can write, for he even 
Surmounts such difficulties as the inevit- 
able equations and _ statistics without 
losing the plain, progressive style. He 
can also entertain, whether it is by his 
own whimsical sketches or by his endless 
supply of apt similes. It makes everything 
so much easier when Plutonium can be 
remembered as a defunct volcano, with 
Fermi’s name advertised as builder and 
a small arrow rising from the crater 
reminding one that a slow neutron can 
trigger off this metastable stuff. And, 
finally, he has an engaging sense of 
proportion that enables him to present a 
series of drawings to scales ranging 
variously through a million light years 
per centimetre (D. 86) to “nothing” (and 
Suitably empty!) all on the same page. 
To those reprehensible people who have 
ever felt in need of proof that scientists 
are human this unforgettable book is 
recommended. It is also confidently 
recommended to all others. A pity that 
it has no index. 

J. A. 


A Scientist’s Critique 

Ir is not unusual when a great scientific 
advance has been made for a crop of 
‘popular’ books to appear, hastily got 
out and inaccurate, purporting to make 
the situation clear to the intelligent lay- 
man. It is only later that infinitely more 
Satisfactory accounts are produced by 
men who have themselves been engaged 
in the work concerned. *“*Atomic Energy” 
by George Gamow falls most gratifyingly 
into the second category. The book main- 
tains Gamow’s already well-established 
position as a lucid and good-humoured 
expositor in fields of science which the 
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physicist usually has some difficulty in 
explaining and the layman still more in 
understanding. 

The book is in three main parts. The 
first deals with modern alchemy and gives 
a clear account of the rapid development 
during the last fifty years of nuclear 
physics of methods of bringing about 
nuclear reactions and of the energies 
involved. Many points are explained in 
this section, which in other books are 
either obscure or left out altogether. In 
the second section, the utilisation of 
atomic energy in the stars is explained, 
together with the evidence for the carbon- 
nitrogen cycle as the process main- 
taining the almost constant output of 
energy. Finally there is a section on the 
methods by which man has been able to 
control atomic energy, together with a 
few short and none too serious remarks 
on possible uses of atomic energy in the 
future. 

“Atomic Energy” will probably appeal 
most to those readers who have at one 
time had some scientific training, but who 
are not physicists and who have always 
wanted a good qualitative explanation of 
nuclear physical research. It ought cer- 
tainly to be read by any physicist or 
chemist who Is required to explain atomic 
energy to lay audiences. The complete 
layman will perhaps find the book to 
require considerable concentration, but 
in return for his efforts he will gain much 
factual information and a good idea of 
the way in which a complicated research 
develops. 

In fact, Gamow, perhaps uncon- 
sciously, presents the work leading to the 
atomic bomb as the stupendous intel- 
lectual adventure that it was. The tragic 
misuse of the power that we now have 
and the difficulty of setting up adequate 
political control of it is another story. 

W.J.A. 


Atomic Energy in Cosmic and Human Life. 
By George Gamow. (Cambridge University 
Press, 1947, pp. 161, 7s. 6d.) 





CORROSION OF IRON AND 


More than £40,000,000 is spent every year 
in Britain to protect iron and steel from 
rust: and the world’s losses due to rust 
are estimated at £500,000,000 a year. 
As part of a campaign of research to 
reduce these totals, the Chemical Research 


Laboratory of the Department. of 
Scientific and Industrial Research has 
published review of existing informa- 


tion on the use of bituminous materials 
for the protection of iron and steel against 
corrosion. (Chemistry Research Special 
Report No. 5—Bituminous coatings for the 
Protection of tron and Steel against 
Corrosion, by R. St. J. Preston, published 
by Stationery Office, Kingsway, London, 
W.C.2, price Is.). During the war, tar 
had to be used as a substitute for many 
imported materials. The necessity for 


their use remains in peace-time, so it has 
been considered opportune to collect and 
review existing information on bituminous 
materials generally. Information has also 
been collected on the properties of allied 
materials which might prove useful in 
corrosion prevention, and special mention 
of anti-fouling compositions for use on 
ships’ hulls is included. 

The effect of fouling of ships in increas- 
ing running and maintenance costs may 
be more important than that of corrosion, 
although protection against the latter 
involves the use of as much as a hundred 
tons of paint for a 10,000-ton cruiser, for 
instance. The fuel consumption of a 
warship may be increased by about 50 
per cent as the result of six months’ 
fouling in temperate water. The com- 


STEEL 


moner anti-fouling pigments comprise 
mercury and copper derivatives; organic 
compounds, some containing arsenic, 
mercury or copper, are being increasingly 
used. The report attempts to classify 
these anti-fouling substances. Composi- 
tions based on entirely bituminous 
media are known to become heavily 
fouled, but successful results have been 
obtained by combining bituminous mater- 
ials with components of greater solubility 
and greater permeability to water. The 
soluble toxic substances are more easily 
released into the sea-water and _ then 
exert their toxic effect on fouling organ- 
isms. The irritant class of compounds, 
developed for chemical warfare, are 
effective deterrents of the barnacles that 
foul ships’ bottoms. 
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Far and Near 





The Army No. 10 Set 

IN a message to the Radio-communica- 
tion Convention last month, Field 
Marshal Lord Montgomery gave high 
praise to the Army No. 10 radio set, 
which provided eight telephone channels 
safe from interruption by the enemy. 
Lord Montgomery said, “I have no 
hesitation in saying that I consider the 
No. 10 Set to be a very marked and rapid 
advance in wireless technique. No other 
Army, allied or hostile, possessed equip- 
ment equally effective in its role. I had 
considerable personal experience of this 
Set during the campaign in NW. Europe, 
most noticeably perhaps at the crossing 
of the Rhine and during the final pursuit 
through Germany. By using a chain of 
No. 10 Set stations I was enabled to 
maintain my Tactical Headquarters as far 
forward as I did and still have direct 
contact with London. The value of being 
able to retain personal control over my 
armies in these circumstances cannot be 
over-estimated.”” 

The message was read by Sir Edward 
Appleton, chairman of the Pulse Com- 
munication Session of the convention, 
at which members of the staff of the 
Signals and Development Establishment 
of the Ministry of Supply, Christchurch, 
gave technical details of the research and 
development that led to the No. 10 Set. 

Sir Edward said that the No. 10 Set, 


one of the outstanding inventions of the 
was a good example of necessity 
mother of 


War, 


being the invention, one of 


The Army 


No. 


the factors that led to the design of a 
set of this type being the shortage of 
rubber for insulation of telephone lines. 
The equipment uses centimetric radio 
waves which, by means of a parabolic 
mirror, are projected forward in a beam. 
They are received along the line of sight 
by means of a small receiving antenna 
situated at the focus of a similar mirror. 
The novel type of pulse modulation is 
employed and eight telephone channels 
are provided. He said that the great 
merit of the set as a sybstitute for tele- 
phone lines lay in the rapidity with which 
a circuit could be set up. Telephone lines 
often suffer serious damage and ordinary 
wireless communication is liable to inter- 
ruption and interception by the enemy, 
but with the No. 10 Set the radiation is 
confined to a narrow beam and security 
is maintained. Confidence in its security 
was amply justified for, despite its use in 
a chain of stations in France and Germany, 
it has since been learned that the enemy 
had not the slightest idea that the British 
were uSing such equipment. 

Discovery referred to this set, and its 
American equivalent, in July 1946 (pp. 


196-7). 


Communist Plan for British Science 


THE Communist Party of Britain has 
published A Plan for Science, price 6d. 
The document calls for greater expendi- 
ture on research and more planning for 
applied research, but it states that the 
type of planning advocated for applied 





10 set. 


research is not suitable for fundamental 
research, though some of the broadest 
aspects of planning do apply. It is sug- 
gested that there should be a Funda- 
mental Research Council to plan funda- 
mental research and this should be 
representative of the universities, the 
Royal Society and other appropriate 
bodies. This Council should advise the 
University Grants Committee on financial 
matters, and seek to achieve by voluntary 
co-operation of the various universities 
and similar bodies a balanced policy for 
fundamental research. It should main- 
tain close contact with the National 
Research and Development Council, a 
proposed co-ordinating body composed 
of representatives of the Department of 
Scientific and Industrial Research, the 
Medical Research Council, the Agricul- 
turai Research Council, other govern- 
ment departments which carry out 
scientific work, the Royal Society, the 
universities, industrial managements, the 
T.U.C. and scientific workers. 


Chemicals from Oil 


Last month the Shell Petroleum Company 
announced its plans for manufacturing 
chemicals, in particular synthetic deter- 
gents, from petroleum. A new factory is 
to be started at Thornton-le-Moors, 
Cheshire, and this will cost several 
million pounds. Extensions are being 
made to existing refineries at Stanlow on 
the Manchester Ship Canal and at Shell 
Haven in Essex. 


Vitamin C in Tomatoes 


THE January issue of the Journal of the 
Society of Chemical Industry contains the 
results of analyses made in the labora- 
tories of J. Lyons & Co. Ltd., giving the 
vitamin-C content of tomatoes. These 
show that for the same variety grown on 
the same plot of ground the vitamin 
concentration in unripe tomatoes is 
less than that in the ripe fruit. Outdoor 
tomatoes are richer in vitamin C (0-21- 
0:24 milligrams per gram) than tomatoes 
grown in greenhouses (0:19-0:21 milli- 
grams). The analyses did not reveal any 
significant differences for different varie- 
ties of tomato, including dwarf varieties. 
Some of the individual fruits assayed had 
an unusually high content of dehydro- 
ascorbic acid, up to 0-13 milligrams per 
gram being found. 

The same journal gives some figures for 
the vitamin-C content of dehydrated 
cabbage. A comprehensive survey was 
made by W. Price-Davies of the Govern- 
ment Laboratory in 1945, and he found 
that the retention of ascorbic acid in dehy- 
drated cabbage when reconstituted and 
cooked in comparable conditions to fresh 
cooked cabbage is the same (30%). Higher 
values were found in the dehydrated 
cabbage from non-standard factories than 
were obtained for the product of standard 
Ministry of Food factories. When fresh 
cabbage is cooked in the best gorge 
way, with the minimum of water, 50°% 
retained, and this cabbage is therefore of 
greater anti-scorbutic value. 








Ihe Synthetic Vitamin BIL Plant. 


Synthetic Vitamins in the War 
To the Army vitamin C tablets have 
come to be known as “Tobruk tablets’. 
In one of his dispatches a war corres- 
pondent wrote that synthetic vitamin C 
tablets were probably as important to the 
defenders of Tobruk as all the ammuni- 
tion and equipment they had to repel 
Rommel’s attacks. Their only food was 
tinned meat and biscuits (and 
that) without vegetables or fruit. Yet 
when relief came after many months these 
half-starved men marched out perfectly 
fit and healthy—a very different case from 
the besieged garrison of Kut in the 
1914-18 war, which disease rather than 
bullets compelled to surrender. This story 
is recorded in the interesting booklet, 
Roche in Wartime, which Roche Products 
Ltd., the manufacturers of synthetic 
vitamins, have just published. 

There is also a reference to the synthetic 
vitamin BI plant, at that time the largest 
in the world, which was intended to 


provide aneurin for the fortification of 


bread. During the war a plant to manu- 
facture vitamin B2 (lactoflavin or ribo- 
flavin) was erected and put into opera- 
tion to meet the medical demands for this 
vitamin. 

Pasteur Exhibition 

A Pasteur Exhibition will be held at the 
Science Museum, South Kensington, from 


little of 


April 10 to May 26, 1947. The Exhibition 
has been arranged by the Palais de la 
Deécouverte in Paris, where it has recently 
been on show. It includes a chronological 
account of the chemical and biological 
work of Louis Pasteur on fermentation, 
putrefaction, the spontaneous generation 
of life and on the germs of numerous 
diseases of men, animals and plants. The 
results of his work are illustrated by panels 
dealing with pasteurisation in the brewing 
and other industries, and the raising of 
disease-free silkworms. A section of the 
exhibition deals with the Pasteur Insti- 
tutes established throughout the world 
for the preparation of serums and vaccines 
for the combating of disease epidemics. 


Baking Research Director 

THe Council of the British Baking In- 
dustries Research Association has ap- 
pointed Dr. J. M. B. Coppock, F.R.I.C., 
as the first Director of Research. Dr. 
Coppock, who is 37, is at present head 
of Boots Technical Development Labora- 
tories, Nottingham. In 1933-5 he was 
lecturer in chemistry at the Robert Gordon 
Colleges, Aberdeen. 


Death of Sir Joseph Barcroft 

THE death occurred on March 21 of Sir 
Joseph Barcroft, at the age of 74. A great 
physiologist, he made very important 
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Studies of the transport of oxygen by the 
blood. During the First World War he 
became one of the leading experts on poison 
gas. In 1943 he was awarded the Copley 


Medal of the Royal Society, of which he - 


had been a Fellow since 1910. 

His writings gave an impression of 
extreme simplicity of ideas coupled with 
novelty. This is particularly true of his 
latest book, of which a very interesting 
review appeared in Nature on the day 
following Sir Joseph's death; this book, 
entitled Researches on Pre-Natal Life and 
published by Blackwell of Oxford, is 
based mostly on observations made on 
sheep before birth and the Nature reviewer 
provided a happy posthumous tribute to 
Sir Joseph when he commented that “it 
is impossible to refrain from an expression 
of admiration for the ingenuity of the 
investigator and for the results which he 
obtained. especially when one bears in 
mind the great difficulty that must have 
been experienced in dissecting foetal lambs 
SO as to preserve any considerable degree 
of normality” 


Sound Recording Conference 


THE annual meeting of the British Sound 
Recording Association was held recently 
in London. It was announced that an 
official journal, to be called Sound 
Recording, is planned. The meeting was fol- 
lowed by a conference which opened with 
a comprehensive paper by M. J. L. Pulling 
(Superintendent Recording Engineer, 
B.B.C.) on the special applications of disc 
recording in broadcast programmes, with 
particular reference to wartime and ‘spot’ 
reporting and the preservation of the 
sounds of war. A paper on the operational 
and training uses—e.g. recording aircraft 
noise for simulating flying conditions 
in aircrew training, or water-transmitted 
noises of fishes and submarines—of sound 
recording in wartime was presented by 
R. W. Lowden of the Royal Aircraft 
Establishment. It was announced that 
another sound recording conference 1s 
being arranged to open the 1947-8 season 
which will coincide with the Radiolympia 
Exhibition (October 1-11). 


Penicillin Control Tightens 

THE supply and administering of penicillin 
is now forbidden except by registered 
doctors, dentists, veterinary surgeons and 
pharmacists. This has been done by an 
Act of Parliament—the Penicillin Act, 
1947—in order to prevent the develop- 
ment of penicillin-resistant strains of 
bacteria which might arise if pencilliin 
were self-administered or administered by 
non-qualified persons in insufficient doses. 
There is provision in the act for extending 
the law to other “anti-microbial organic 
substances” by means of statutory order. 
So far streptomycin is not touched by the 
new restrictions. 


New Czech Research Institutes 

AMONG new research organisations to be 
set up in Czechoslovakia is a Plastics 
Research Institute and a Rayon Research 
Institute. This was stated by the mission 
sent to this country in March by the 
Czechoslovak National Chemical Cor- 
poration. 
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Mr. M. B. Crane 


New Fellows of Royal Society 


THE following have been elected Fellows 


of the Royal Society: 


ARKELL, WILLIAM JOSCELYN. Formerly 
Senior Research Fellow of New College, 
Oxford; distinguished for his researches 
on the stratigraphy and palaeontology 
of the Jurassic System. 

BENNETT, GEORGE MACDONALD. 
ment Chemist. Distinguished for 
work in organic chemistry. 

BIsSAT, WILLIAM SAWNEY. Civil Engineer. 
Distinguished for his studies in Carboni- 
ferous stratigraphy and palaeontology. 
His methods have been successfully 
applied in Europe and North America. 

CARTWRIGHT, MArY Lucy. 
Girton College and Lecturer in Mathe- 
matics in Cambridge University. Dis- 
tinguished for her researches in_ the 
theory of functions of a complex 
variable. 

CONWAY, EDWARD JOSEPH. 
Biochemistry, University College, Dub- 
lin. Distinguished for his work on 
chemical and physico-chemical pro- 
cesses in living tissues. 

COWLING, THOMAS GEORGE. 
Mathematics in the University College 
of North Wales, Bangor. Distinguished 
for his mathematical contributions to 
astronomy, the theory of gases, the 
physics of the ionosphere, and geo- 
magnetism. 

CRAIGIE, JAMES. 
staff of the Imperial Cancer Research 
Fund, London. Distinguished for his 
work in bacteriology and immunology 
and especially for his studies of viruses. 

CRANE, MORLEY BENJAMIN. Head of the 
Pomology Department of the John 
Innes Horticultural Institution, London. 


Govern- 


his 


A notable breeder of new varieties of 


horticultural plants: his researches have 
elucidated the genetical constitution 
and origin of cultivated English fruit 
trees and unravelled many problems 
relating to pollination and the setting 
of fruit. 

DUNCAN, WILLIAM JOLLY. 
Aerodynamics at the College of Aero- 
nautics, Cranfield. Distinguished for his 


Fellow of 


Professor of 


Professor of 


Member of the scientific 


Professor of 


Prof. Fritz Paneth 


contributions to an understanding of 
flutter in aircraft, and of related 
problems of elasticity and vibrations. 

EVANS, MEREDITH GWYNNE. Professor 
of Physical Chemistry and Head of the 
Department of Chemistry, Leeds. Dis- 
tinguished for his contribution to 
chemical kinetics and especially for his 
theoretical work on the modern con- 
cepts of reaction velocities. 

FELDBERG, WILHELM SIEGMUND. Lecturer 
in Physiology, Cambridged. Distin- 
guished for researches on the mechanism 
of the humoral transmission of excita- 
tion particularly in relation to the phe- 
nomena in which acetylcholine is 
concerned. 

GOopDEY, Tom. Principal Research Officer, 
Institute of Agricultural Parasitology, 
St. Albans. Distinguished for his work 
on the structure, life histories and 
economic importance of nematode 
worms, particularly those parasitic on 
plants. 

HODGKIN, DoROTHY CROWFOOT. Fellow 
and Tutor of Somerville College, 
Oxford, and University Demonstrator 
in Chemical Crystallography. Distin- 
guished for a long series of investiga- 
tions by X-ray crystal analysis into the 
structure of the sterols, proteins and 
other complex organic molecules; she 
elucidated the structure of the penicillin 
molecule, and showed that more than 
one kind of penicillin existed. 

HUTCHINSON, JOHN. Keeper of the 
Museums, Royal Botanic Gardens, 
Kew. Distinguished for his researches on 
the taxonomy and affinities of flowering 
plants and his contributions to the 
study of the flora of Africa. 

JACKSON, DerEK AINSLIE. Lecturer in 
Spectroscopy, Oxtord. Distinguished 
for his method tor separating close 
spectral lines and measuring their wave- 
lengths; by this means he was the first 
to determine magnetic and mechanical 
moments of various atomic nuclel. 

JEFFERSON, GEOFFREY. Professor of Neuro- 
surgery in the University of Manchester. 
Distinguished for the leading part he 
has played in the development of the 
surgery of the brain and spinal cord. 





Air-Commodore Frank Whittle 


KREBS, HANS ADOLF. Professor of Bio- 
chemistry, Sheffield. Distinguished for 
his work on intermediate reactions in 
cell metabolism. 


MANN, FREDERICK GEORGE. Reader in 
Organic Chemistry and Fellow of 
Trinity College, Cambridge. Dis- 
tinguished for his work on stereo- 
chemistry. 

Moon, PHILIP BURTON. Professor of 
Physics, Birmingham. Distinguished for 
his researches in atomic physics and for 
his contributions to the development of 
microwave radar and to the subject of 
atomic energy. 

OROWAN, EGON. Cavendish Laboratory, 
Cambridge. Distinguished for his funda- 
mental contributions to the physics of 
metals. 

PANETH, Fritz. Professor of Chemistry, 
University of Durham. Distinguished 
for his pioneering researches in radio- 
chemistry and for the discovery of free 
organic radicles of short life; he has 
undertaken chemical and radio-chemical 
work in connexion with atomic energy. 

ROBERTSON, MuRIEL. Head of the Depart- 
ment of Protozoology of the Lister 
Institute, London. Distinguished for 
researches on the life-cycles of protozoa 
and on immunology. 

STRATTON, FREDERICK JOHN MARRIAN. 
Professor of Astrophysics, Cambridge: 
Fellow of Gonville and Caius College: 
General Secretary, International Council 
of Scientific Unions. Distinguished for 
his researches on novae, for his part 
in planning and organising work for the 
observation of eclipses. 

WADDINGTON, CONRAD HAL. Professor 
of Animal Genetics, University of 
Edinburgh; chief geneticist of the 
Animal Breeding Research Organisa- 
tion, Agricultural Research Council. 
Distinguished for his work on experi- 
mental embryology and its relation 
to genetics. 

WHITTLE, FRANK. Air Commodore. 
Adviser (Engines) to the Controller 
of Supplies (Aircraft), Ministry of 
Supply. Distinguished for his work on 
jet propulsion. 





Letters to the Editor 





Sirn—The problem of how to maintain 
proper objectivity and detachment has 
always been a considerable one for 
scientists, and its importance is increased 
in times of change when civil authority 
tends to interfere in their work. 

Dr. Darlington has done a valuable 
service in drawing attention to the dangers 
of allowing political prejudice to sway 
judgment in scientific discussions. May I 
be allowed to cite an illustrative case 
nearer home than that with which he ts 
concerned. 

In an article entitled “A Revolution in 
Soviet Science” in the February issue of 
DiscoveRY, Dr. Darlington states that 
“the leading Russian geneticists (apart 
from those who have taken refuge outside 
Soviet controlled countries) have been 
liquidated in the course of this long 
political intrigue. These are no longer 
questions that can be argued about in 
Russia.” On the other hand in a review 
which Dr. Darlington has presumably 
read—since he quotes from it—Professor 
Ashby says that “It is safe to assume that 
Lysenko’s school is well past its zenith 
... Side by side with the new genetics 
there exists, in uneasy truce, a school of 
the old genetics which 1s setting the pace 
on world standards in such fields as 
population genetics and the use of 
colchicine-induced polyploids in_ plant 
breeding.” (Nature, 158.287).* 

Of course Professor Ashby may be 
wrong (though he has had the advantage 
of personal acquaintance with some of 


* We understand on reliable authority that 


scientific approach to the matter, 


these ‘liquidated’ geneticists) but the 
possibility should also be considered that 
Dr. Darlington is illustrating his own 
thesis. Other evidence worth bearing in 
mind is the frequently published work of 
the Russian ‘old geneticists’, . recent 
examples of which include Nature 
(158.520) and the Journal of General 
Biology (7.173 and 206).—Y ours, etc 


RICHARD DoLt, M.D. 


Sir—We, the undersigned, wish to protest 
very strongly on the publication of the 
article on the Lysenko controversy by 
C. D. Darlington. 

We expect to find, in a journal of the 
standing of DISCOVERY, articles on matters 
of current scientific interest which are 
presented in a logical and_ scientific 
manner. If the author is dealing with 
theories with which he disagrees strongly, 
he may still be expected to preserve a 
and, 
remembering that most of his readers 
will know nothing about the question, he 
Should present an account of the theories 
first, and then the reasons why he dis- 
agrees with them. In this way he will 
serve what we conceive to be the primary 
aim of DISCOVERY, namely to enlighten 
its readers about current scientific trends. 

Prof. Darlington’s article fails lament- 
ably to be either truly scientific, logical, 
or to enlighten its readers as to what is 
wrong with Lysenko’s genetics. In the 
first two paragraphs of the paper he shows 


_ thatthe is violently opposed to the present 


—— 


whole article, with its frequent political 
allusions, show that this political anti- 
pathy colours all his reasoning. His 
criticisms seem to be based on a single 
translation of a book of Lysenko’s. We 
are given no assurance as to the faithful- 


ness of the translation, and at least one of § 


the quotations Suggests that it is, so to 
speak, rather clumsy in parts. The read- 
ing list contains no Russian references, 
Some readers of Discovery can read this 
language. 

We are not geneticists and are not 
able to pass judgment on the value of 
Lysenko’s theories. It may well be that 
he is a charlatan, and that he represents 
a regression in biological thought. But 
as scientists we can say very definitely that 
the article contributes nothing to the 
elucidation of the matter, for scientists. 
The language is suited to a political, and 
not to a scientific journal. 

We do not, however, wish to criticise 
Darlington for his article. A man must 
write as he feels, and if Darlington feels 


strongly about Lysenko, we cannot com- } ' 


plain if he puts his thoughts thus on paper. 
We feel that it is you, Mr. Editor, who 
must bear the responsibility for accepting 
and printing such an article, so completely 
unsuitable for, and out of keeping with 
the general tone of, Discovery. 
action is all the more regrettable, in that 


you did not obtain an article representing |) 
the pro-Lysenko viewpoint, and print it |i 


in the same issue.—Yours, etc., 


R. C. Murray, Ph.D. 
M. Sourres, A.M.I.E.E. 


this issue of **Nature’’ has been banned in 


Russia.—Eb. grounds, 


state of affairs in Germany on political 
and the sarcastic tone of the 


J. HUMPHRIES, B.Sc. (Eng.) 
A. G. Smit, B.Sc., D.1.C. 





THE 18th CENTURY’S FUEL EFFICIENCY EXPERT —Continued from p. 123 


boil quickly. By improving the flues he greatly reduced 
both fuel consumption and time, his best result being 
14-6 lb. of water per lb. of fuel. He concludes, “‘in 
heating certain quantities of water there is an advantage 
in performing the process on a larger scale but, when 
the amount reaches a certain quantity, this advantage 
ceases’’ and he notes that the smoke from large boilers is 
hotter than from small fire-places (i.e. the waste gas loss is 
greater). His summarised results are: 





Quantity of | Quantity of 
water heated water heated 
from per lb. of 
32° F.-212° F. fuel 


Trial No. 


Container 








lb. Ib. 
7-93 6°68 
43-63 11-93 
187 20:1 
508 19-0 
11,368 14-6 


Pan in closed 
fire-place 


Brewhouse boiler 





He notes that in the same fire-place, combustion may be 
accelerated by 

(a) increasing the height of the chimney; 

(b) enlarging the canal leading to the chimney: 

(c) shortening the length of the flues. 


Printed and published in Great Britain by Jarrold & Sons, Ltd., The Empire Press, Norwich. 


To check these points and to assist the master brewer}, 


(‘‘who only thought how he could contrive to finish as early 
as possible his day’s work’’), he shortened the flue at this 
brew-house from seventy to thirty feet and decreased the 
time to bring the water to the boil from three hours to two 


hours seventeen minutes; at the same time the quantity of ( 


water heated per Ib. of fuel fell from 14-6 to 13:1. 

He then makes a tentative calculation from _ these 
figures obtained with wood as to what might be expected 
with coal, since he is writing for an English reader. Using 
a figure obtained by Lavoisier that equal amounts of heat 
are given by ‘403 lb. of coke, 600 Ib. of pit coal, 600 Ib. of 
charcoal, and 1089 lb. of oak’ and a figure found by 














Watt that 5} times as much heat is required to convert ¢ 
water at boiling-point to steam as is required to raise it to 
boiling-point, he finds that one pound of coal shoul?’ 


convert seven pounds of water at boiling-point to steam. 
“I do not know how this figure agrees with experiments, 
made with steam, but I suspect that the expence of Fuel| | 
in these engines is greater than it ought to be or could be 
if the boilers and fire-places were constructed on the lest 
principles” he concludes. It seems a pity that Rumford 
and Watt did not meet. 


(To be concluded) 
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